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[FBIS Transcribed Excerpt] 


Preface 


The AIST Tsukuba Research Center consists of the 
Tsukuba Research Administration Office, eight research 
laboratories and their common facilities situated on 
three sites in the southern part of Tsukuba Science City: 
Block A (26ha), Block B (99ha), Block C (15ha), and one 
site, Tsukuba Research Center No. 2 (6lha) in the 
northern part. 


In fiscal year 1979, nine research laboratories under 
AIST moved to Tsukuba Science City to form the 
Research Center of the AIST. Having previously been 
scattered over the Tokyo Metropolitan area, consoli- 
dation of these nine institutions, helped the Center 
forge closer relations among AIST institutions and 
supported the efficient development of advanced 
research activities. 


Under the first objective, reorganizing the research 
system, the National Chemical Laboratory for Industry, 
Fermentation Research Institute, Research Institute for 
Polymers and Textiles, and Industrial Product Research 
Institute were dissolved and replaced by the National 
Institute of Materials and Chemical Research and the 
National Institute of Bioscience and Human-Technology 
established on January 1, 1993. Materials research and 
biotechnology constitute two key areas in applied science 
as the 21st century approaches, and both the new insti- 
tutes are committed to becoming centers of research in 
respective fields. A new National Institute for Advanced 
Interdisciplinary Research has also been set up in 1993, 
where extensive work is planned on crossover research 
combining knowledge from different fields, an area that 
has been rapidly gaining importance in recent years. 


Tsukuba Research Center 
History 


Sep. 1961—Cabinet decision to investigate the feasi- 
bility of relocating from the already overly congested 
Tokyo metropolitan area those governmental agencies 
which need not necessarily be situated in Tokyo and its 
vicinity. 

Nov. 1961—AlIST resolution adopted to relocate nine 
research institutes from the Tokyo metropolitan area to 
one favorably situated site permitting development of a 
comprehensive research complex on a par with those in 
the most advanced nations. 


Sep. 1963—Cabinet decision reached to construct a 
research and academic city on approximately 4,000 
hectares of land in the Tsukuba area, with land acquisi- 
tion and preparation to be handled by the Japan Housing 
Corporation. 


Sep. 1967—Relocation determined for 36 institutes. 


May 1970—Promulgation of “Tsukuba Science City 
Construction Law” (Law No. 73-1970) and other laws 
relating thereto. 


Feb. 1971—Formal planning outlines adopted by 
Tsukuba Steering Com.nittee (revised April 1973). 


Dec. 1971—Decision to relocate nine AIST-affiliated 
research institutes and one division of AIST to Tsukuba, 
as well as to create a new research center on an interna- 
tional level in the area of mining and manufacturing 
industries. 

May 1972—Cabinet resolution adopted defining 43 
institutes to be constructed at Tsukuba. 


Apr. 1973—Planning outline adopted by Tsukuba 
Steering Committee. Relocation scheduled for FY 1975 
(MITI affiliates FY 1976-77). 


Mar. 1974—Establishment of AIST Tsukuba Research 
Center Construction Office. 


Mar. 1975—Relocation schedule revised to FY 1979 
(including MITI affiliates). 


Jul. 1979—AIST Tsukuba Administration Office 
opened. 


Mar. 1980—Construction completed and nine research 
institutes opened (National Research Laboratory of 
Metrology, Mechanical Engineering Laboratory, 
Natior || Chemical Laboratory for Industry, Fermenta- 
tion Research Institute, Research Institute for Polymers 
and Textiles, Geological Survey of Japan, Electrotech- 
nical Laboratory, Industrial Products Research Institute, 
National Research Institute for Pollution and 
Resources). 


Oct. 1991—Changed the name of the National Research 
Institute for Pollution and Resources to the National 
Institute for Resources and Environment. 


Jan. 1993—National Chemical Laboratory for Industry, 
Fermentation Research Institute, Research Institute for 
Polymers and Textiles, and Industrial Products Research 
Institute were dissolved and replaced by National Insti- 
tute of Materials and Chemical Research and National 
— of Bioscience and Human-Technology estab- 
ished. 


A new National Institute for Advanced Interdisciplinary 
Research has also been set up. Tsukuba Administration 
Office was restructured and changed the name to 
Tsukuba Research Administration Office. 
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Ribozymes as Molecular Scissors 


Transient HIV-1! infection assay revealed that our initial 
ribozyme-construct can inhibit AIDS virus replication 
up to 98 percent, at least in a cultured cell. 


Activities of AIST 
Industrial Science and Technology Frontier Program 


In the 27 years since its establishment in 1966, the 
National R&D Program has pioneered research and 
development on large-scale industrial technologies, most 
notably system and plant technology. The R&D Project 
on Basic Technologies for Future Industries meanwhile 
has, since its initiation in 1981, concentrated on the 
development of innovative basic technologies, especially 
key constituent technologies. The R&D program on 
medical and welfare equipment technology for its part 
has, since it was set up in 1976, pursued research and 
development designed to enhance the well-being of all 
members of society. The three programs have been 
combined into the Industrial Science and Technology 
Frontier Program as of fiscal year 1993. 


The New Sunshine Program 


The MITI launched the Sunshine Program of new forms 
of energy in 1974 and the Moonlight Project on energy- 
saving technologies in 1978. Since 1989 it has also 
implemented R&D on technologies relating to the global 
environment. 


However, in consideration of the close interrelationship 
between the problem of the environment and that of 
energy, the New Sunshine Program (R&D Program on 
Energy and Environment Technologies) was initiated as 
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of fiscal 1993 with the aim of coordinating research and 
development in these areas and ensuring rapid progress 
on both fronts. 


Measures for Regional Technology Development 


To promote regional technology, Specific Regional Tech- 
nology Development System was established in 1982 
and 11 R&D projects are underway in 7 regions in 1993. 
R&D activities are pushed forward on technical fields 
requested by the region by utilizing the R&D potential of 
the AIST and under cooperation with public test insti- 
tutes and regional enterprises. The activities are aimed at 
technical subjects to be solved for introduction of the 
technology concerned. 


Industrial Standardization 


AIST supervises Japan’s industrial standards in accor- 
dance with the 1949 Industrial Standards Act with the 
goals of raising the quality of industrial products and 
encouraging rational production, use and categories: the 
establishment of Japan Industrial Standards (JIS) and 
administration of the JIS labeling system. 


Survey of Trends in Technology Policy in Japan and 
Overseas 


AIST conducts a comprehensive, in-depth survey of 
trends in research and development, technology policies 
and technology development in Japan and other coun- 
tries in order to provide basic data for planning and 
drafting of Japan’s industrial technology policy. The 
results of this survey are also used to contribute to the 
process of coordinating technology policies between 
different countries in international forums. 


Human Frontier Science Program (HFSP) 


It is believed that basic research on the precise mecha- 
nisms of organisms has the potential to become a driving 
force in developing various research areas and could 
become a treasure chest of scientific and technological 
seeds as it is expected to exploit the frontier of scientific 
technology for the 21st century. The organization for 
the implementation of the HFSP was established in 
Strasbourg, France, in October, 1989. 


International Cooperation in R&D 


International research and development cooperation 
advances Japan’s own R&D while contributing to the 
formation of harmonious economic ties with other 
nations. AIST is therefore an active research partner 
with developed and developing countries alike. AIST 
conducts joint research programs in the area of advanced 
technology with developed countries and invites foreign 
researchers. Besides, under the Institute for Transfer of 
Industrial Technology (ITIT), AIST conducts joint 
research and exchange of researchers with developing 
countries. 
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To encourage R&D by the private sector, tax incentives are 
offered for technological development as well as financing 
for the development of industrial technology and subsid- 
iary for R&D projects, the establishment of technological 
association system for mining and industry. 


Diffusion of Technological Accomplishments 


The AIST registers as industrial properties both at home 
and abroad the research outcome of its 15 research labo- 
ratories and several projects under outside contract, and 
works to ensure their effective utilization and diffusion. 
The implementation of AIST-owned patents is licensed to 
both domestic and overseas enterprises through the Japan 
Industrial Technology Association (JITA). 


Industria! Technology Council 


The Industrial Technology Council (ITC) was estab- 
lished on July 25, 1973, as an affiliated institution of 
MITI. ITC officials investigate and deliberate on impor- 
tant matters related to science and technology in the 
mining and industries in response to inquiries from the 
Minister of International Trade and Industry. 


Tsukuba Research Administration Office 
Tsukuba Research Administration Office (TRAO) 


As nine AIST Institutes in Tokyo Metropolitan area 
moved to the Tsukuba Research Center in fiscal 1979, 
the Tsukuba Administration Office (TAO) was installed 
under the General Affairs Department, AIST for the 
purpose of effective management and maintenance of 
Institute-owned and common facilities, welfare and 
health care of staff members and publicity of research 
activities, on July 1, 1979. Furthermore, in connection 
with the organizational reform of AIST Institutes on 
January 1, 1993, where the National Institute for 
Advanced Interdisciplinary Research was newly founded 
and four of the existing Institutes were dissolved to 
create two new Institutes, TAO was restructured so as to 
cope with intensified demands for more advanced ser- 
vices to ensure closer liaison among Institutes and to 
provide advanced and effective support of research 
activities and changed the name to the Tsukuba 
Research Administration Office. 


Activities of Tsukuba Research Administration Office 




















r ‘ f— — r my 
Outside 
0 al AIST 
Private Sector vacdeaten Regional 
Personal Research 
( J | } 



































1. Receiption of Visitors |. Connection and Coordination 1 Connection and Coordination 
2. Technica Consuitaton 2. dont Business 2. Joint Business 
3. Research Cofaborahon 
4. information 
/ 
4 y Ps ‘ 
4 1. Connection and 
Coordination 
Tesulaba Research 2. Jot Business 
Administration Office 3. Patent 
Consuftation 
q 4. Maintenance and 
1 Maintenance and oon 
9 Health Control 





























This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 




















:  Netional Institute for Advanced Interdiscipinary Research : 
‘+ National Rescerch laboratory of Metrology 
: | Mechenicol Engineering Laboratory 

: + Natiowal Institute of Materials and Chemical Research 
‘National Instuse of Bioscience and Humon-Technology | 
‘+ Geological Survey of Japan : 
bk Electrotechnical | abareiory 

: + National Institute for Resources and Environment 


ed LLL 


+ Osaka National Research Institue, AIST 

| National industrial Research Institute of Nagora 
| Hokkaido National Industrial Research Institue 
- Kyuthy Narlonal Inducrial Research Institute 

- Shikoku National Industriol Research Instituie 

+ Tohoku National Industrial Research lastitute 

- Chugoku National Indusirial Rescorch institute 


—Tsukuha Research Administration Office 








JPRS-JST-95-019 
28 March 1995 


Patent Administration 


According to the Regulation for On-Duty Invention, AIST, 
right to receive patents or other privileges for inventions, 
contrivances and creation made by « ‘aployees of AIST 
Institutes are attributed to the Director-General of AIST. 
In the Tsukuba Research Center, clerical works of patent 
application are collectively executed by the Patent Admin- 
istration Division, TRAO. This Division is also partly in 
charge of management of AIST-owned patents. The indus- 
trial proprietary rights manage:t AIST have already been 
implemented widely in private sectors, and more intensi- 
fied utilization is expected. 


Research Collaboration Activities 


As a part of the Research Collaboration Program to 
achieve (1) rapid expansion of creative research, (2) 
bringing-up of creative researchers, and (3) accelerated 
establishment of joint research system through the acti- 
vation of exchange and collaboration among researchers 
in industrial, academ« and governmental sectors of 
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Japan, Tsukuba Symposia are held by TRAO whenever 
necessary. In order to enhance knowledge and under- 
standing of science and technology and to improve 
communications with local citizens, the series of Public 
Science Lectures for young persons are held during the 
summer vacation. For the purpose of disseminating 
overseas information related to research exchange, the 
Overseas State of Affairs Forum is held once a month, 
with reports on research environment, R&D trends and 
others by AIST researchers and officials who studied at 
overseas institutes, made joint research with foreign 
researchers and inspected research organizations. The 
firsthand experiences of reporters on research environ- 
ment, daily habits, culture difference and educational 
system attract interests of a large audience, including 
workers in other institutes and local citizens of Tsukuba 
Science City. 

Research Information Processing System (RIPS) Center 


Great expectations are being placed on research and devel- 
opment as a stable national prosperity in the coming 21st 




















century should be based on creative technologies. Espe- 
cially for the national laboratories, high-level and efficient 
research activities are demanded. The network is linki 
the eight laboratories and the Center by optical 
cables. Services currently provided by RIPS include 
tific calculations, database, Japanese and English 
management, graphic and image processing, and so on. 
Management of Research Environment 

With the inauguration of TRAO on January 1, 1993, 
persons from property management and maintenance 
divisions in individual Institutes nave been transferred 
to TRAO, so that the operation management and main- 
tenance of common facilities and research equipment in 
the Tsukuba Research Center can be administered inte- 


security systems of Institutes and advanced technical 
services. For meeting demands, service engi- 
neers are stationed in Blocks A and C for the 
management and maintenance of research facilities. 
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Research | 

Outline of Institute 


NAIR is a research organization of a new type, founded 
in January 1993, to carry out research in those fields of 
interdisciplinary and comprehensive nature, which 
could not be coped with by conventional disciplines 
only. The Institute involves researchers of various fields 
selected from industries, academia and government 
research laboratories, both domestic and overseas, for 
promoting joint research projects intensively. The 
research management of NAIR is characterized by the 
foilowing features: 


Atom Technology 


The creation of functional materials, fabrication of new 
electron devices, decoding and manipulation of gene 
information require the development of a common basic 
technology of precisely observing and handling matters 
at the level of single atoms and molecules, both on 
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surface and in space. R&D of elementary and supporting 
technologies for this purpose will be pursued. 


Cluster Science 


Clusters, composed of 1000 or less atoms, are interme- 
diate in size between molecules and microscopic parti- 
cles, but have peculiar properties. Clusters, fluctuating 
among various structures and/or energy levels, are diffi- 
cult to obtain in pure and stable forms. The objectives of 
this study are to determine the nature of clusters and to 
seek methods to isolate stable dynamic clusters. 


Bionic Design 


Living organism has a hierarchy where organs, tissues, 
cells and molecular assemblies autonomously play their 
own roles, and constitutes a multifunctional system of 
self-organizing, self-repairing and adaptive nature. It will 
be helpful for developing technology harmonizing 
human and nature, to find principles for design and 
making of molecular machine systems simulating living 
organism. 


National Research Laboratory of Metrology 
Outline of Institute 


The National Research Laboratory of Metrology was 
established as an organization to maintain the national 
kilogram and meter prototypes and disseminate these 
standards. It is now working for the improvement of 
standards for measurement, development of metrology 
in the frontier of science and industry, development of 
advanced measuring methods and technologies and pre- 
cisic:1 measurement of physical and mechanical proper- 
ties. [t is also responsible for calibration and testing 
services based on Measurement Law. 


It is also making efforts towards international unifica- 
tion of standards through close cooperation with related 
Organizations in other countries. 


Research on New Wavelength Standard in Terms of 
Ultra-High Resolution Spectroscopy of Ca Atomic Beam 


The intercombination line of Ca atom at the wavelength 
of 657 nm has excellent spectroscopic characteristics. In 
addition to its narrow natural linewidth, it is weakly 
influenced by external electromagnetic field. Research 
on the development of a high precision wavelength 
standard is undertaken based on this Ca transition line. 
So far, high resolution optical Ramsey fringe has been 
detected in Ca atomic beam, and the frequency of a dye 
laser was stabilized to this fringe with high precision. 
Ultra-High Resolution Laser Interferometer 


A very fine scale is necessary to measure dimensions 
accurately less than one micro-meter. The laser interfer- 
ometer shown in the photograph [photograph not repro- 
duced] realizes an ultra-high resolution of 0.8nm (1/800 
of laser wavelength) by using an optical path multiple 
technique. 
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This instrument is installed in the vacuum chamber of a 
scanning electron microscope (SEM) and used for the 
precise measurements such as micro-electronical wires 
in large scale integrated circuits (LSIs). 


Electrodes of a Small RF lon Trap 


A radio frequency (RF) ion trap, composed of three 
electrodes, is fabricated to develop new frequency or 
length standards. The inside diameter of the center 
electrode is 5mm and a RF field (frequency of 2.2 MHz 
and amplitude of 300V) is supplied between the center 
and two end electrodes. Thus a pseudopotential of about 
10 eV is produced. This trap, set inside a vacuum 
chamber, evacuated at a pressure of 5x10 Pa, can trap 
Yb* ions of about 5x10° during several hours with He 
buffer gas. 


20-MN Hydraulic Force Standard Machine 


The biggest force standard machine 1n the world has a 
capacity of 20 MN. The accuracy is better than 1x10*. 


The force is generated by a pair of ram-cylinder systems 
with a 1:1000 cross-sectional area ratio of the ram- 
cylinders and bu‘it-in weights totaling 2 tons. By option, 
the operation can be fully automated. 


Mechanical Engineering Laboratory 
Outline of Institute 


The Mechanical Engineering Laboratory (MEL), since 
its establishment in 1937, has conducted R&D in key 
high-risk frontier technologies, and continues work on 
basic technologies in mechanical engineering. In 
expanding its activities, MEL’s aim is to promote social 
development through the latest technology advances and 
systematization of mechanical science and technology. 


Wind Turbine Generator (WTG) 


Research into high efficiency wind energy conversion 
systems makes use of a 15 meter diameter field test 
machine known as WINDMEL. 


This machine incorporates new ideas such as a teetered 
hub mechanism, a pitch control system with mechanical 
governors, and variable speed operation. Theoretical 
and experimental studies on rotor dynamics, new wing 
sections, and noise and vibration, are also in progress 
using techniques such as wind tunnel testing, computer 
simulation of fluid dynamics. 


High Quality Grinding of Ceramics 


Although engineering ceramics have great promise for 
machine components, they are very difficult-to-machine 
materials. Grinding technology of ceramics has been 
experimentally investigated to obtain high quality 
ground components with smoother surfaces and less 
residual stress. A newly developed electrolytic dressing 
method was applied to very fine grain-size wheels and a 
mirror-like surface was accomplished in the contour 
grinding of a blade-shaped silicon nitride component. 


Maultifingered Robot Hand 


In order to develop a dexterous robot hand which can 
perform various kinds of intricate tasks like human 
hands, a three-fingered rovot hand has been studied. The 
present theory developed here enables sophisticated 
grasping and manipulation of an object even under 
various external disturbance forces. This has been 
achieved through appropriate control of the compliance 
of each finger joint. 


Advanced Surface Modification 

The features of high power laser beam heating include: 

(1) power density of the heating unit can be controlled 
fi 


(2) surface can be treated by a rapid heating and 
quenching process. 

Coupled with plasma spraying and gas-deposition, new 

hybrid coating methods are developed to synthesize 

high-performance surface and new materials with high 

resistance to corrosion, high temperature oxidization, 

etc., which are durable in severe environments. 


National Institute of Materials and Chemical Research 
Outline of Institute 


The National Institute of Materials and Chemical 
Research was established on January 1, 1993, to lead 
research on materials and chemistry. 

A major role of materials science is to build up a 
systematic understanding at the level of molecular 
theory of the formation and properties of materials and 
their dynamic behavior, this knowledge can then be 
utilized to develop innovative methods for producing 
materials and endow them with novel functions. The 
NIMC is aiming at generating scientific technologies in 
the field of materials and chemical research which 
enhance quality of human life and contribute to the 
progress of industry. 

Polymer Crystals for Nonlinear Optics 

Polydiacetylene single crystals obtained by the solid- 
state polymerization have the perfectly oriented and 
n-conjugated mainchain, and therefore show metallic 
luster. They have gained major attention regarding their 
large nonlinear optical properties, i.e. optical-switching 
and so on. 

Autonomous Reaction Materials 


“Autonomous Reaction Materials” reversibly change 
their shape and/or property responding to stimuli such as 
light, temperature, electricity, pH, chemical substances. 
The artificial fingers made of poly (vinyl methyl! ether) 
gel pick up light plastics in hot water. 

Elemental Mapping of Leaves 


An X-ray fluorescent element mapping spectrometer 
using a focused X-ray beam with a diameter of 16m has 
been developed. The changes of leaves of a living plant. 
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Diamond Anvil Press for Generation of Ultra High Pres- 
sares (Solid State Polymerization Under Ultra-High 
Pressures) 


This apparatus, though it is of such a small size as a 
man’s palm, and has a simple structure, generates an 
ultra-high pressure max. 200,000 atms. Polyacetylene 
was successfully synthesized without any catalyst used, 
under the ultra-high pressure condition. 


National Institute of Biescience and Human-Techaology 
Outline of Institute 


The National Institute of Bioscience and Human- 
Technology (NIBH), was newly founded on January |, 
1993, in the Agency of Industrial Science and Tech- 
nology, MITI, which reorganized the existing biolog- 
ical and chemical laboratories. The new institute con- 
ducts leading and innovative research in the fields of 
bioscience and human-technology. The institute now 
concentrates not only on basic researches on biological 
chemistry, nay Sie Cate Capes, Se 
also on development of advanced new 

matters which inevitably icliven 8 teen titan, 
such as energy, the global environment, health and 
welfare. Aside from the R&D related activities, the 
institute also serves as a depository for patent 


microorganisms. 
De Novo Designed Protein 


Artificial helix-bundle protein constructed by de novo 
design approach. The 4a-helices can surround hydro- 
phobic molecules. Color codes: red, hydrophobic res- 
idue; green and light blue, hydrophilic residue, white, 
included guest molecule. 


Hydrogen Production by Photos, nthetic Bacteria 


The experiment is for practical hydrogen production by 
photosynthetic bacteria using sun-light energy. 
Hydrogen gas evolved is accumulated into the cylinders. 


Microbial Flec Found in the Bottom-Waters Around 
Black Smoking Vent in the Okinawa Trough 


Fluorescence microscopic observiition showed that the 
bottom-waters around black smking vent in the Oki- 
nawa trough were rich in al<ia blue-stainable large 
amorphous particles (micrevial floc) which contained 
coccoid and rod-shaped .nicrobial cells mostly smaller 
than Ipm. Microbial floc is supposed to be a good 
nutrient source for filter-feeding animals resident in the 
hydrothermal environment. 


Sensor for Operation Force Distribution in Hands, Fin- 
gers and Thumbs (Sensor Glove) 


The data are displayed on CRT. Applications for human 
factors research, rehabilitation, practice etc. are 


expected. 
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Geological Survey of Japan 
Outline of Institute 


The Geological Survey of Japan (GSJ) has been in charge 
of a wide area of earth sciences in order to meet the 
needs of national and international development, and 
the demands of the geological community. Principal 
activities of the GSJ at present are as follows: 


(1) Basic geological investigation of the country and 
ing marine area. 
(2) Evaluation of energy and mineral resources. 


(3) Protection of the global environment, and mitigation 
of geological hazards. . 

The result of the research of the GSJ has been published 

in the form of geological and thematic maps of various 

scales, periodicals, reports and books. 

Field Survey for Sheet Mapping 


For the purpose of the elucidation of the geology of the 
Japanese Islands, field mapping, studies on petrology 
and stratigraphy, structural analysis and compilation of 
Onikebe Geothermal Power Plant, Miyagi Prefecture 


Scientific studies on new energy sources are one of the 
highest priority scientific fields of the Japanese govern- 
ment. To establish the technology for exploration and 
assessment of geothermal resources, the GSJ performs 
studies on various methods for the exploration, the 
accumulation of the geothermal data and the study of 
hydrothermal systems. 


Pyrectastic Flew at Unzen Volcano 


The GSJ takes part in the national project for the 
prediction of volcanic eruptions, and studies of the 
geology and the underground structure of volcanic areas 
have been conducted. Geological and geodetic data were 
collected on the eruption of Izu-Oshima in 1986, the 
submarine volcanic eruption off Ito City in 1989, and 
the eruption of Unzen in 1990-1993. They have been 
utilized for the prediction of the eruption. 


Coral Reef in Micronesia 


Coral reefs fix CO, photosynthesis and calcification. 
Photosynthetic productivity of coral reefs per unit area is 
highest among all the ecosystems in the world. The GSJ 
has investigated the CO, cycles in coral reefs and is 
establishing a technology to maximize their ability. 


Electrotechnical _aboratory 


Outline of Institute 


The Electrotechnical Laboratory (ETL) has been a 
leading research institute in the fields of electricity and 
communications since its foundation as an electrical 
testing laboratory in 1891. 
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After quite a few organizational changes taking place 
from time to time, the basic or the present status of 
organization was established with the aim of conducting 


n technologies, 
technological innovation. In 1979 ETL moved to 
Tsukuba Science City and is making every effort to 
ensure further advances. 


ETL is presently encouraging comprehensive research 
into standards and measurements, energy and informa- 
tion technologies as well as into electronics taken as the 
key technology, with top priority placed on basic 
research helping foster buds of future science and tech- 
nology as well as on research into new industrial tech- 
nologies that need a long lead time in achieving the goal. 


Josephson Compuier ETL-JCI 


ETL-JCI is the first working prototype Josephson com- 
puter which executes the computer program. This com- 
puter was in the Electrotechnical Laboratory 
in 1989. It consists of four superconducting LSI chips of 
logic and memory circuits. The arithmetic/logic unit 
with registers (RALU) and the sequence control unit 
(SQCU) form a central processing unit (CPU). The 
instruction read only memory unit (IROU) and the data 
random access memory unit (DRAU) are used to store 
computer programs and data. 


NIJI-IV Storage-Ring Free-Electron Laser System 


Short wavelength free-electron laser system based on a 
storage ring “NIJI-IV” and a 6.3-m optical klystron. 
Laser oscillation was already achieved in the visible 
wavelength. Lasing in the ultraviolet is expected by 
optimizing the electron-beam condition and the laser 
resonator. 


TPE-1RM20 Reversed Field Pinch Machine 


Reversed field pinch is expected to be an economical 
fusion reactor. Recently the experimental machine TPE- 
1RM20 has attained the record plasma temperature of 
10 million degrees and has doubled the energy confine- 
ment time. 


The Highly Parallel Competer ‘EM-4 

The parallel computer prototype based on the extended 
dataflow model with 80 processing elements and the 
peak performance of 1000 MIPS. 

National Institute for Resources and Environment 
Outline of Institute 


National Institute for Resources and Environment was 
initially set up for researches on fuels (coal and petro- 
leum), mining technology and mining safety. It was later 
reorganized to expand its research field and now engaged 


wide-range studies of development and utilization of 
natural resources and energy, industrial safety and envi- 
ronmental protection, all of which are the important 
basis of industrial activities. 


A Simulation of Gleb"! Transport 

The ‘trajectories of passive particles were obtained with 
wind data over one month. Most of the particles stayed 
in the original hemisphere, but a few of them crossed the 
tropics. Figure [figure not reproduced] shows trajectories 
of the particles which were released northward of 40N on 
June 1, and were carried south of 10S. Colors represent 
the changing height (pressure) of the particles. 


Photochemical Reduction of Carbon Dioxide (Artificial 
Photosynthesis) 


Fine particles of titanium dioxide modified by metals 
like palladium or rhodium become possible to mimic the 
ability of green plants (photosynthesis). Photocatalytic 
reduction of carbon dioxide with water to produce 
methane and acetic acid can take piace. 


CO, Circulation Through Biomass Utilization 


If biomass is grown sustainably, its production and use 
creates no net buildup of CO, in the atmosphere, 
because the CO, released during combustion is offset 
by the CO, extracted from the atmosphere during 
photosynthesis. If chemicals or fuels can be produced 
from biomass, it leads to the reduction of consumption 
of fossil resousces. From this point of view, R&D of 
liquid fuel production and mass cultivation of algae 
has been done. 
Decomposition of Chicrofluorocardons by Plasma 


Since chlorofluorocarbons (CFCs) and other chemicals 
deplete the siratospheric ozone, these chemical wastes 
are desired to be decomposed. An inductively-coupled 
plasma decomposes CFCs and halon wastes at a rate 
more than 50kg/h with a destruction efficiency of 99.999 
percent. 


Technical Information Services 
Public Opening and Tour of AIST Institutes 


Eight AIST Institutes in Tsukuba area and TRAO wel- 
come visits by members of other research organizations 
and private industries both domestic and overseas. A 
written appointment for a visit is accepted by TRAO and 
Technical Information Offices of respective Institutes. 
Public Opening is offered during the Science and Tech- 
nology Week around the Day of Invention. 


Scientific Seminars and Lectures 


Research outcomes of AIST Institutes are presented for 
the purpose of publicity and dissemination in various 
scientific conferences and meetings, as well as seminars 
and lectures held by respective Institutes in April. 
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Technical Consultation 


AIST Institutes welcome technical enquiries by tele- 
phone, letter or interview from private enterprises. The 
consultation is accepted by the Technical Information 
Office or Technological Exchange Promotion Center of 
respective Institutes. 


Technokgy Transfer 


Transfer of the results of research activities to outside 
Organizations by various means, including technical 
training, can be arranged by contract on the basis of 
mutual consultation. 


Joint Research 


AIST Institutes conduct joint research with private sec- 
tors on subjects of mutual interest, on a cost-sharing 
basis. Contracts for these research projects are drawn up 
according to the “Rules for Joint Research” of AIST. 


Commissioned Services 


AIST Institutes accept commissioned services such as 
testing and certification of measuring and mining instru- 
ments in accordance with “the Measuring and Weighing 
Law” and “the Mining Security Law,” and dispatching 
officials for Commissioned Dispatch of AIST Officials, 
whenever requested by private sectors. 


Testing Services 


AIST Institutes provide testing services in certain fields. 
Fees for these services are fixed by the Japanese 
government. 


Publications 


The research activities of the Institutes are made public 
through various publications. Papers are also given at 
conferences and published in the journals of various 
academic societies both at home and abroad. 


International Cellaboration 


As the internationalization of economy and science and 
technology proceeds rapidly, the significance of interna- 
tional research cooperation quickly grows. AIST Insti- 
tutes are actively pursuing international research collab- 
oration based on international conventions and multi 
and bilateral science and technology collaboration agree- 
ments, and contributing to technology transfer and 
training for developing countries. 


Testing and Certification 


AIST Institutes are in charge of testing a variety of 
measuring instruments and devices, testing for type 
approval, comparison testing, standards testing and cer- 
tification of mining machines, tools and powder on the 
basis of the “Measuring and Weighing Law” and the 
“Mine Security Law.” 
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Education and Training Center (ETC) 


The Education and Training Center (ETC), operated and 
managed by TRAO, provides training rooms and lodg- 
ings for those persons who are to stay in the Tsukuba 
Research Center under the research cooperation and 
training program sponsored by AIST. For the utilization 
of ETC, a written application is to be submitted to the 
section-in-charge of Institute. 


Licensing for Patent Implementation 


Those who wish to implement inventions and designs by 
AIST are requested to submit an application to the Japan 
Industrial Technology Association (JITA), to obtain an 
approval by the Director-General of AIST and to con- 
clude an implementation contract. After having made a 
contract, the applicant may receive technical advice 
from an AIST Institute for improving relevant products. 
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Publicity Center 


The Publicity Center is installed on the first floor of the 
Central Administration Building with an Exhibition 
corner and an audio-visual hall. The research activities 
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of AIST and AIST Institutes are presented in a number 
of ways, including picture panels, models, publications, 
multiple slides and video tape recordings, so that visitors 
can obtain a better understanding of AIST. 


Welfare Center and Welfare Annexes 


The Welfare Center is located in Block B and includes a 
cafeteria (320 seats), a restaurant, a tea room, a shopping 
center, a barbershop, a beauty parlor and a club room. 
The Welfare Annexes at Blocks A and C each includes a 
cafeteria (80 seats), a tea room, multi-purpose room and 
a barbershop. Finally, the Welfare Annex at Block B 
includes a cafeteria (160 seats) and a tea room. 


Auditorium 


The Auditorium is composed of Great Hall (485 seats), 
Conference Rooms (Large with 140 seats, Medium with 
84 seats and Small with 36 seats) and Multipurpose 
Conference Room (72 seats), and is efficiently utilized 
for symposia, scientific meetings, workshops, public 
lectures, international conferences and other cultural 
events in the Tsukuba Research Center. 


Medical Center 


The Medical Center is located on the second floor of the 
Central Administration Building, and is operated by the 
Tsukuba Branch, MITI Mutual Aids Union. The Med- 
ical Center includes departments of Internal Medicine, 
Ophthalmology, Oto-Naso-Laryngology, Dentistry. 


Pollutant Disposing Facilities (PDF) 


Research activities at AIST Institutes emit a great 
variety of environmental pollutants. Ordinary research 
wastes and equipment cooling water are collected at 
PDF through underground pipe systems and processed 
to dispose pollutants completely. Resultant water is 
recycled for washing and cooling use. Special research 
wastes containing pollutants not so readily disposable 
are stored separately and processed in batch mode. 
Inorganic wastes are processed to be less noxious and 
discharged into the public drainage system. Organic 
wastes are disposed in a spray incinerator. 


Energy Center (EC) 


The Energy Center (EC) centrally produces and supplies 
to AIST Institutes and common facilities hot water, 
steam and cold water as heat energy source for research 
and air-conditioning. These media are circulated 
through the underground multipurpose conduit systems 


National Institute for Advanced Interdisciplinary 
Research 

— Research Planning Office 

— General Affairs Division 

Director-General —+—~ Atom Technology Group 

— Cluster Science Group 

— Bionic Design Group 
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to be picked up by heat exchangers at institutes. Besides, 
drinking water and processed waste water (recycled 
water) are also supplied from EC. [Passage omitted] 


National Research Laboratory of Metrology 


Senior Officer of Research Planning 
Chief Semtor Researcher 





— General Affairs Degt. 
— Machinery Dept 
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Electrotechnical Labora ETL of Industrial 
Science and a" : pay 

Outline and Role of E!-ctrotechnical Laboratory 

The Electrotechnical Laboratory (ETL) is the largest 
national research institute ‘n Japan, affiliated with the 
Agency of Industrial Science and Technology (AIST), the 
Ministry of International Trade and Industry (MITI). 
Since its foundation in 1891 as the testing laboratory 
under the Bureau of Electrocommunication, the Ministry 
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of Communications, ETL has undergone organizational 
changes from time to time. The basic form of the present 
status of organization was established in 1970 with the aim 
of conducting research in broad areas including electrical, 
electronics and information-processing technologies to 
ensure technological innovation. 
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After moving to Tsukuba Science City in 1979 and going 
through a large-scale reorganization in 1988, ETL has 
celebrated its 100th anniversary in 1991 with the 
renewed resolution to make every effort toward the 21st 
century. 


ETL is presently encouraging basic research and devel- 
opment in the major fields including electronics, infor- 
mation processing, energy technology and standards and 
measurements, taking advantage of what may be recog- 
nized as the benefit of pre-eminent research instjtutions 
with an affluent scientific and technological heritage. 
Special emphasis is placed on basic research which will 
grow buds of future science and technology as well as on 
new industrial technologies which will involve a long 
lead time and many risks in their development. 


Currently, ETL has a total of 674 personnel, made up of 
542 researchers and 132 general affairs officials with an 
annual spending of about ¥ 10.2 billion for R&D in 
terms of special research, designated research and fun- 
damental research. 


In view of the growing demand for R&D in the area of 
advanced technologies, ETL continues to make efforts in 
conducting comprehensive research for creating the next 
generation of technologies and in transferring its 
achievements to industries not only in Japan but also 
abroad, with the desire of contributing to the peace and 
prosperity of mankind. 


Exploration of New Materials and Electronic Devices 


The development of new materials and electronic 
devices is strongly encouraged to cope with the growing 
need for sophisticated electronics, which supports infor- 
mation, energy and metrological technologies. ETL’s 
research activities in this field include, among other 
things, the development of amorphous materials being a 
promising candidate of material for producing low-cost 
solar cells, the development of new high-temperature 
oxide superconductors, and the development of new 
functional devices such as Josephson junction devices 
using niobium-based materials and the superlattice 
devices fabricated by the phase-locked epitaxy tech- 
nique. In line with these R&D efforts, extensive research 
is being carried out on the physical properties of mate- 
rials, and on the possibilities of applying new physical 
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phenomena to electronics, along with the development 
of advanced micro-fabrication technology using syn- 
chrotron radiation and ion beams. Also, an active basic 
research is underway on molecular assemblies with the 
aim of applying them to future electronic devices. 


Toward the Future Information-Oriented Society 


Information processing is the core technology of the 
highly information-oriented society where computers 
pervade every corner. Therefore, comprehensive 
research is conducted on hardware and software for 
information processing systems, artificial intelligence 
realizing technologically such human intelligent func- 
tions as recognition, inference and teaming, intelligent 
human interfaces for better man-machine communica- 
tions, and intelligent robotics, all helping develop the 
next generation of information processing technology. 


Besides, to support these studies and create new themes, 
basic research is conducted on bionics and information 
theories. 


a Necessary To Ensure Economic 


It is of vital importance for a resource-scarce nation like 
Japan to develop advanced energy technologies. ETL is 
particularly active in developing nuclear fusion-related 
technology and technologies of environmental energy such 
as solar energy and ocean energy. Fundamental research 
on energy technology includes advanced energy conversion 
processes and energy materials which may help us develop 
innovative technologies in the future. Studies on energy 
technologies suited for natural environment preservation, 
superconductivity applications, and solid-electrolyte fuel 
cells are also conducted. 
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Laser Technology and Its Application 


Research is being conducted on the ultra-short wavelength 
laser, excimer laser, ultra-short pulse laser and free elec- 
tron laser focusing on shorter wavelength, higher output 
power and shorter pulses, while efforts are made to open 
the way for their applications in such fields as optical 
measurement, optical transmission, material processing, 
nuclear fusion and clarification of biological phenomena. 


Precise Measurements and Standards Technologies 


Growing social and industrial activities due to advances 
in science and technology require higher levels of sophis- 
ticated measurement technologies. 


Since ETL is responsible for maintaining the national 
standards for electrical, optical, radiometric and acoustic 
quantities, extensive research is conducted to update those 
national standards. Also, the results brought about by 
research activities are successfully applied to various 
research fields including basic electronics, biological mea- 
surements, environmental measurements and controls. 


Space Exploration Technologies for 21st Century 


Space is a new frontier for mankind to explore on the 
basis of international cooperation with the full use of 
knowledge in science and technology. ETL is conducting 
research on space technologies such as space teleopera- 
tors and space technologies which will support the space 
industry in the 21st century. Efforts are also made to 
obtain fundamental knowledge on material creation, 
heat and mass transfer under microgravity which is 
required for the utilization of the space environment. 


Correlation Diagram of R&D Activities 
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Budget and Staff for FY 1992 
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Main Research and Development Themes (1992) 
Special Research Projects 


Quantum Effects-Based Electric Standards and 
Basic Technologies for Electromagnetic and 
Acoustic Standards 


. Advanced Technologies for Measuring Light Wave, 


Magnetic and Ultra-Sonic Fields 


. Integrated Information Processing in Biological 


Systems 


. Nano Structures 


5. Creation of New Electronic Materials by Means of 


Microscopic Control of Interfaces 


. Surface Layer Processing of Materials Using Acti- 


vated Beams Under Multi-Dimensional Control 


7. Electronic Functional Supermolecules 


8. Basic Technology for X-ray Lasers 
9. New Functional Structures of Electron Devices 


10. 
11. 
12. 
13. 
14. 
15. 


16. 


17. 
18. 
19. 


Electronic Properties of Superstructure Materials 
Superconductor Electronics 

Optoelectronic Computer 

Advanced Technologies for Large-Scale Satellite 
Flexible Intellectual Information Processing 


Integrative Processing of Multi-Morphic Informa- 
tion 


Cooperative Autonomous Systems for Real Envi- 
ronments 


Flexible Information System Architecture 
Next Generation Manufacturing Systems 


Microscopic Reaction Dynamics in Various CVD 
Systems 


Research Project on Peaceful Utilization Technology of 
Nuclear Energy 


Evaluation of Radiation Effects and Their Standard- 
ization 


. High-Field Pulsed Superconducting Magnet 


3. Generation and Application of High-Quality Ionizing 


Radiations 


. Active Environment-Understanding Robots for Use 


in Nuclear Reactor Facilities 


5. Nuclear Fusion Reaction 
6. Laser Technology Using Nonlinear Processes 
7. Radiation-Resistant Semiconductors 
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. Evaluation of Applicability of Information Acquisi- 


tion and Processing Systems to Autonomous Power 
Plant 


. Basic Study on Free Electron Laser Oscillation 
. KrF Excimer Laser Driver for Inertial Confinement 


Nuclear Fusion 


Development of High-Performance Radiation 
Detectors and Their Applications 


Research Project on Pollution Control Technology 


Removal of Sulfur and Nitrogen Compounds by 
Sparking Method 


. Psychological and Physiological Measurements of 


Fluctuating Offensive Odors 


. Structure of Lower Trophic Ecosystem in an Eutroph- 


icated Bay 


Basic Technologies for Future Industries 


1. 
2. 
3. 


4. 


5. 
6. 
7 


Photoactive Materials 
Bio-Electronic Devices 


Evaluation of High-Magnetic Field Superconducting 
M?‘-rials 


Evaluation of Research and Development on Ultra- 
Miniaturized Biosensors 


Nonlinear Optoelectronic Materials 
New Software Architecture 
Development of Quantamized Functional Devices 


National R&D Program (Large-Scale Project) 


4 


Advanced Material Processing and Machining 
System 


. Development and Evaluation of Key Technologies of 


Advanced Processing Devices for Power Generating 
Facilities’ Staff 


. Human Senses Measurement Technologies and 


Applications 


Evaluation of R&D on Highly Functional Mainte- 
nance Technologies for Power Generating Facilities 


R&D on New Energy Technology (Sunshine Project) 


I. 
2. 
3. 


4. 


Solar Photovoltaic Power Generation System 
Solar Thermal Energy System 


Analysis and Evaluation for Practical Use of New- 
Type Solar Cells 


Analysis and Ev-tuation for Practical Use of Amor- 
phous Solar Cells 


. Analysis and Evaluation for Super High-Efficiency 


Solar Cells 
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6. Analysis and Evaluation for Development of Periph- 
eral Technology 


7. Ocean Thermal Energy Conversion System 


8. Assessment of the Development of New Energy Tech- 
nology 


R&D on Energy Conservation Technology (Moonlight 
Project) 


1. Dispersed-Type Battery Energy Storage Technology 
2. Fuel Cell Power Generation Technology 


3. Superconducting Technology for Electric Power 
Apparatuses 


4. Sodium Thermoelectric Conversion Technology 


5. Combined Cycle Generation Using Binary Mixture 
Working Fluid 


6. Technological Forecasting and Assessment on Energy 
Conservation 


Technologies for Global Environment 
1. Coral Reefs as Sinks of Atmospheric CO, 
2. Physical and Radiative Properties of Clouds 


3. Clarification of Atmospheric Chemistry of Green- 
house Gases and Related Compounds 


4. Evaluation of Countermeasure Technologies to Cope 
With Global Warming 


Joint Research Project With Private Sector 


1. Technology for High Speed Josephson Integrated 
Systems 


Human Frontier Science Program 

1. Sensory, Cognitive and Motor Functions 

2. Memory and Learning Functions 

3. Molecular Recognition and Responsive Functions 
4. Energy Conversion Processes 

5. Flexible Information Processing 

6. Massively Parallel System Architecture 

7. Optical Computing System Technology 

Specific International Joint Research Project 


1. Precision Evaluation of New Superconductors and 
Development of Precision Measurement Devices 


Promotion of Research Cooperation Project 


1. Development of Machine Translation System for 
Southeast Asian Languages 
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R&D Based on Funding by Science and Technology 
Agency 


1. Development of Basic Technologies to Study Nano- 


2. Mechanisms of Living Matter and 23 Others 
Fundamental Research 


Response Theory of Solid-State Electronic Systems and 
77 Others 


ee ee oe yt 
Technology, Min 


Promotion of Research on Homan Tetbeslops (NIB 
Institute of Bioscience and Human-T (NIBH) 
Osamu Suzuki, National Institute of Bioscience and 
Human-Technology, AIST, MITI, Japan 


1. Introduction of NIBH 


In order to reinforce functions of basic and leading 
research and development at national research institutes 
in Japan, National Institute of Bioscience and Human- 
Technology (NIBH) and National Institute of Materials 
and Chemical Research (NIMC) were newly established 
on January 1, 1993, by reorganization of National 
Chemical Laboratory for Industry, Research Institute for 
Polymer and Textile, Industrial Products Research Insti- 
tute and Fermentation Research Institute in AIST 
Tsukuba Research Center (see Figure | [figure not repro- 
duced]). Both research institutes were also established 
for the research fields which are increasingly important 
in reinforcing international research functions as basic 
industrial technologies toward the 21st century. 


The organization of NIBH is like in Figure 2 [figure ..ot 
reproduced], which is shown to be eight Research depart- 
ments, Patent Microorganisms Depository, 30 Research 
laboratories 2 1d 186 Research officials. 


2. R&D on the Field of Biotechnology in NIBH and in 
Japan 


In the 1980s, new biotechnology, such as recombination 
DNA technology plant and animal cell culture and so on, 
had almost been established in Japan. 


At that time, the R&D of new biotechnology had been 
started by many private companies in Japan, for 
catching up to the technology levels in the U.S., that is to 
say new bio-boom, for their recognition of these technol- 
ogies by making a new industrial revolution in the world 
like the steam engine. This period was the first genera- 
tion of biotechnology in Japan. 


pharmaceutical industry, 
such as erithropoetine, interferons and so on, and also 
agricultural fields in Japan. 
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In the second generation of biotechnology, the concept, 
how to use the new biotechnology is required, that is, to 
settle the global environmental problems like fixation of 
carbon dioxide, biodegradable plastics, bioremediation 
and so on, for R&D items in NIBH, Japan. 


And also as a national institute in Japan, NIBH is 
demanded to promote the fundamental research on 
biotechnology and to make more efforts to take another 
step toward new biotechnology, such as RNA engi- 
neering, biological evolution engineering, carbohydrate 
engineering, bioprocessing and so on. 

3. Biotechnology Research Topics in NIBH 


1) Expressions regulation of an intenstinal contractor 
peptide gene 
A transcript of a novel gene, Vaso active Intensitinal 
Contractor (VIC) gene, was found in intenstine. Now 
the research group is studying to clarify the regula- 
tory mechanisms of its gene expansion and to 
develop new drugs as intestine relatives. 


2) Development of Ribozymes Having High Catalitic 
Activities 
Designed ribozymes having functions a much bigger 
RNase for HIV are synthesized by gene technology. 
And the research on structure-function relationship 
of ribozymes is also carried out. 


3) Research on Energy Conversion by Photosynthetic 
Microorganisms 
The mechanism and efficiency of hydrogen produc- 


tion by photosynthetic microorganisms such as 
cyanobacteria and algae have been studied on. Some 


special photosynthetic microorganisms having high 
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hydrogen production activities by using sunlight and 
organic acids are discovered. 
4) R&D on Biodegradable Plastics 

The development of biodegradable plastics which are 
decomposed by microorganisms in the earth is 
achieved for lighting the burden to the natural envi- 
ronment. The relationship between microbial degra- 
dation and constituents of plastics have been made 
clear and the methods to estimate the microbial 


treatment have been established by useful microor- 
ganisms and mixed cultures. 


5) Production and Utilization of Microbial Lipase 
Microbes useful for the hydrolysis of oils and fats are 
being isolated and the optimum conditions for culti- 
vation, the immobilization and the continuous 
hydrolysis are being examined. 

6) Bioabsorbant Produced by Microorganism 


The improvement of the bioabsorbant productivity 

of bioabsorbant producing bacteria which was 

screened from soil is achieved and the structure and 

the properties of bioabsorbant are elucidated. Effec- 

tive utilization of bioabsorbant is also being studied. 
7) Production of y-Linolenic Acid by Fungi 


A very efficient microbiological method is obtained 
for the preparation of y-linolenic acid or lipids rich in 
the content of y-linolenic acid. The method com- 
prises culturing a fungus of Mortierella genus to grow 
a fungal body containing a large amount of a lipid 
rich in the content of y-linolenic acid. A further 
improvement in the efficiency of culture and the 
content of desired fatty acid in the lipid is studied. 
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National R&D Project 


1) R&D for Fine Chemicals from Marine Organisms 
('88-°96) 


2) R&D for Handling and Analytical Technology of 
Protein Molecular Assemblies (°89-’98) 


3) R&D for Production and Utilization Technology of 
Complex Carbohydrates (1991-2000) 


R&D Program for Elucidation of Biological Functions 


1) Study of the Interaction Between Tumor Cells and 
Endotherial Cells (°91-"93) 


2) Isolation of Thermostable Mutant Enzymes in an 
Extreme Thermophile (°92-’94) etc. 


R&D for the Global Environmental Protection 


1) Research on Algal Carbon Dioxide Fixation (°89-’94) 
etc. 


Special Researches 
1) Development of Plant Genetic Engineering (’88-"92) 


JPES-JST-95-019 
28 March 1995 


2) Development of Substances Regulating Cellular 
Signal Transduction (°89-’93) etc. 


pe Cermptee of Gp Crecperiee Themes BAD of 
Biotechnology in NIBH 


1. Creation of New Biofunction and New Biostructure 


2. Elucidation and Artificial Regulation of Gene Expres- 
sion and Biosignalling 


RNA Engineering 
Biosignalling Technology, etc. 


3. Maintenance and Utilization of Polymorphism and 
Application of Biofunction to the Protection of 
Global Environment 
Utilization of Tropical Organi 
Advanced Application of Symbiotic Organisms 


This department focuses on studies of the structure and 
function of biomolecules and related compounds from a 
chemical standpoint. 


Four Major R&D Fields 


Energy Technology 

















Information Technology 
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Budget and Staff for FY 1993 














(51.996) 


*As of 199} 





The Biomolecules Chemistry Laboratory investigates the 
three-dimensional structures of peptides, carbohydrates 
and other biologically active compounds in solution by 


cerned with the synthesis of biorelated compounds based 
on combinations of metal and organic substances, anti- 
cancer effects, metastasis of cancer, and artificial photo- 
synthesis. The Biopolymers Laboratory is dedicated to the 


aD Seay Sepa 
the elucidation of the strectare and fonction of suotec 


terials by analysis and utilization of biological activity 


including modification of biopolymers and living tis- 
sues, and the elucidation and 


an ab ae a 


been studying environmental regulation of plant defense 
gene expression at the molecular level. 


Applied Microbiology Department 


The Microbial Resources Laboratory, strives to elucidate 
the physiological and ecological characteristics of marine 
Organisms and unicellular algae, and examines the mech- 
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specific metabolic functions in microorganisms, such as 


rubber and plastic materials by microorganisms in 
nature, bioconversion systems of their waste materials, 


engineered ecosystems, and interactive relation between 
Organisms in the consortia. 


The interdisciplinary research group carries out studies 
using yeast cells to analyze the mechanisms of cross 
protection provided by heat shock. 

Bioengineering Department 


This department is concerned with research into the 
analysis and technical utilization of biological functions 


and bio-products. 


In the Enzyme Exploration Laboratory, hydrolases and 
transferases are for capacity to produce renewable chem- 
icals from biomass using technologies for development, 
processing and evaluation of enzymes. The Enzyme 
Engineering Laboratory investigates stereospecific pro- 
duction of useful substances by enzyme reactions and 
development of immobilized enzyme reactors. The Bio- 
chemical Engineering Laboratory analyses the mecha- 
nisms of various microbial functions, develops new 
biological processes and improves process efficiency. 
The Bioconversion Laboratory applies evolutionary 
molecular engineering to create new biological functions. 
Mechanisms of bioconversion are also studied. 


Biesignalling Department 


The research in this department aims to understand and 
utilize the structure and function of cells and tissues 
concerned with signal transmission. 

Research in the Cellular Biophysics Laboratory is con- 
cerned with the molecular mechanisms of cell response 
to stimuli, the dynamics of cell membrane and intracel- 
lular organella, and mechanisms of membrane fusion 
using new microscopy methods (scanning tunneling 
microscopy etc.). 


In the Cell Biology Laboratory, the structures, functions 
and gene structures of those factors which promote 
endothelial cell or hepatocyte growth, or those which 
regulate vasoactive intestinal contraction and biological 
rhythm are investigated. 

In the Nervous Informatics Laboratory, signal transmis- 
sion characteristics of peripheral and central nervous 
systems, the conductive characteristics of the haptic 
nervous system using tactile stimuli, and mechanisms 
underlying the conversion of sensory information into 
motor activity in the cortex are studied. 
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Human Informatics Department 


The main research activities in this department concern 
Re reas Sten Sete ges & Semes 


medical and rehabilitational fields. In the Perception 
Laboratory, the characteristics of human sensory and 
attentional mechanisms, and their interactions, are 
studied in order to develop new sensory measurement 
technology. The Behavior Control Laboratory investi- 
gates behavioral control mechanisms of highly sophisti- 
cated human beings, and the information obtained is 
then used to construct flexible control systems with 
Human-Environment System Department 


This department conducts research on the human- 
environment interface with the aim of creating safe and 
comfortable living environments. For this purpose, the 
interactive factors of human-environment systems are 
investigated from three angles: the operability of indus- 
trial products; the intelligibility of information environ- 
ments; and the amenity of living environments. 
In the Mechanical Factors Laboratory, human skill, 
So and ti Sentech onlin dam tnanal 
and design and evaluation methods are developed for the 
man-machine interface. In the Informational Factors 
Laboratory, integral functions of human information 
processing are investigaied. Also, sensory fusion models 
and intelligent interfaces are developed for the multi- 
sensory media environment. For improving product 
design, the Systems Design Laboratory develops 
methods to analyze human behavior in daily life and 
compiles relevant information, such as an ergonomic 
database. 


Patent Microorganism Depository 


Applicants for patents concerning microorganisms are 
required to deposit the microorganisms with a deposi- 
tory. The depository checks viability and furnishes sam- 
ples of the microorganisms to third parties. 


The Institute has been designated as the sole domestic 
depository for patent purposes by the Director-General 
of the Japanese Patent Office, and has also acquired the 
status of International Depositary Authority (IDA) 
under the Budapest Treaty. The kinds of microorgan- 
isms which the institute accepts for deposit include: 
fungi, yeasts, bacteria, actinomycetes, animal cells and 
plant cells. 

Microorganisms deposited with the depository must 
be stored in the living state. Basic studies have been 
conducted on the preservation of microorganisms for 
patents under lyophilized and frozen conditions. 
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The Research Items (1993) (R&D Total 137,380 
(unit: ¥ 10,000)) 

Designates Researches 

Industrial Science and Technology Frontier 
Program 

New Sunshine Project 

Research and Development Programs for Medical 
and Medical Apparatus 

R&D Program for the Elucidation of Biological 
Functions 
pected Researctees 

Science and Technology for Human Life 
Bictechnol 

Bionics 

New Material 

Specific International Jomt Research Project 1,641 
Technology for Small- and Medium-Sized 594 
Enterprises 
Pollution Control Technology 7,141 
International Research Cooperation 151 
Research Cooperation Promotion Activities 178 
Ovdiary Researches 28,335 (20%) 
43 Theme 
Seca! vertinattvn buts fo Precestting Schem amd | ech ectegy 


Coordinated Jomt Research, Multidisciplinary *8,000 (6%) 
Research, Accelerated Basic Research 


Jet Covermeent-Private Sector Research 
2 Theme 
Pateet Micreergentsm Depesttary (S A) 
Pes wom nee | 
Regular Staff 220 
Research Officials 185 
Administrative Officials 35 
(As of April 1993) 





60,195 (44%) 
33,467 







































































4,562 (3%) 
10,411 (8%) 


























The Research Items (1993) 
Designated Researches 
Industrial Scieace and Technology Frontier Program 


1. R&D for Handling and Analytical Technology of 
Protein Molecular Assemblies 


(1) Evaluation of the Methods for Protein Handling 
(1989-1998) 

(2) Functional Analysis and Reconstitution of Lipid 
and Protein Assemblies (1989-1998) 


2. R&D for Production and Utilization Technology of 
Complex Carbohydrates 


(1) Production of 
Cells (1991-2000) 


(2) Basic Research on Synthesis of Complex Carbo- 
hydrates by Mammalian Cells (1991-2000) 


(3) Production of Biomaterial Functions by Carbohy- 
drate Technology (1991-2000) 


3. R&D for Fine Chemicals From Marine Organisms 


(1) Search for Functional Lipids From Marine 
Microorganisms (1988-1996) 


(2) bee yw for Screening and Utilization of 
seful Biological Functions (1988-1996) 


(3) ee of Technology for Isolation and 
Cultivation of Marine Microorganisms and Uni- 
cellular Algae (1989-1996) 


4. Application of Measuring Human Sense to Product 
Design 


Carbohydrates by Yeast 


(1) Structuring Methods of Anthropometric Data for 
Ergonomic Designing (1990-1998) 


5. Evaluation and Realization of High-Degree Amenity 
in Nuclear Power Plant Control Room 


(1) Measurement of Psychological and Physiological 
Stress (1991-1998) 


(2) Measurement and Analysis of Human Complex 
Sense (1991-1998) 


(Leading Research) 
6. Autonomous Reaction Materials 


(1) In Vitro Autonomous Reaction Materials of Tar- 
geted-delivery-Oriented (1993- ) 


7. R&D for Utilization of Biological Functions of Trop- 
ical Organisms (1993-) 


8. Eco Factory technology 


(1) Ecological Design Support 
Products (1993-1994) 


New Sanshine Project 
(Basic Technologies R-lating to Energy and the Envi- 


ronment) 


9. Research on Efficient Photosynthetic Production of 
Biomass (1993-1997) 


—————— 
tion 


Systems for Industrial 


10. Studies on the Energy Conversion Based on Biolog- 
ical Systems (1993-1998) 


(R&D for Global Environmental Protection) 
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11. Artificial Photosynthetic CO, Fixation 


(1) Artificial Photosynthetic CO, Fixation Cata- 
lyzed by Metal Complexes (1989-1993) 


12. Research on Algal Carbon Dioxide Fixation 


(1) Research on Fixation and Conversion of Carbon 
Dioxide in Cyanobacteria (1993-1996) 


(2) Algal Potential for Carbon Dioxide Fixation and 
Production of Reductive Substances (1989- 
1994) 


13. Research on Biodegradable Chemicals 


(1) Bioabsorbent Produced by Microorganism 
(1991-1995) 


14. Chemical Conversion, Decomposition of Methane 
by Catalyst 


(1) Conversion of Methane into Useful Materials, 
by Methane-oxidizing Bacteria (1993-1997) 


Research and Development Programs for Medical and 
Medical Apparatus 


15. The Device for Preventing and Training Urinary 
Incontinence 


(1) Noninvasive Sensing of Urinary Volume in 
Bladder (1991-1993) 


16. R&D on the Fundamental Technology of Analyzing 
the Process of Nerve Regeneration 


(1) Development of the Method for Analyzing the 
Process of Nerve Regeneration (1993-1998) 


17. Study on Development of Sensory Substitution 
Feedback Systems for Motor Functional Training 
(1993-1998) 


R&D Program for the Elucidation of Biological Functions 


18. Studies on the Function of Molecular Recognition 
and Response 


(1) Studies on the Elucidation of Molecular Recog- 
nition of Sugar Chain by Lecithin Protein (1992- 
1994) 


(2) Studies on the Elucidation of Molecular Recog- 
nition of Sugar Chain by Lecithin Protein (1992- 
1994) 


(3) Study of the Interaction Between Tumor Cells 
and Endothelial Cells (1991-1993) 


(4) Study of the Interaction Between Tumor Cells 
and Endothelial Cells (1991-1993) 


(5) AMF and STM Study of Cytoskeleton Proteins 
and Extracellular Matrix Proteins (1993-1995) 
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(6) Studies on Ribozymes as Antiviral Agent and 
Their Drug Delivery Systems (1993-1995) 


(7) Molecular Characterization of Cold Shock 
Response in Saccl aromyces Cerevisiae Cells 
(1993-1995) 


(8) The Study on the Late Events of Growth Sig- 
naling (1993-1995) 


(9) Molecular and Biochemical Studies on the Novel 
Enzyme With Unique Functions (1991-1993) 


(10) Studies on Structural Requirements for: Specific 
Binding of Peptide Hormones to Membrane 
Receptors (1992-1994) 


(11) Functional Dynamics of Biomembrane Investi- 
one by Solid-State NMR Spectroscopy (1991- 
1993) 


19. Studies on the Function of Gene Expression and 
Cellular Morphogenesis 
(1) Studies on the General Control Mechanism of 
— Gene Expression in Yeast (1992- 
1994) 


(2) Studies on Functional Structure of Human Hep- 
atitis Delta Virus (HDV) Ribozyme (1993-1995) 


(3) Gene Regulation of Biological Clock System in 
Eukaryote (1993-1995) 


(4) Regulation of Plant Gene Expressions by Oli- 
gosaccharide Signals (1991-1993) 


(5) Control of Hepatocyte Growth and Function 
Through the Interaction With Vascular Endot- 
helial Cell (1992-1994) 


(6) Isolation of Thermostable Mutant Enzymes in 
an Extreme Thermophile (1992-1994) 


20. Energy Conversion 


(1) Studies on the High-Energy State of Micro 
Tubular Molecular Motors (1991-1993) 


(2) Electrochemical Studies on Redox Enzymes 
(1991-1993) 


(3) Crystal Growth of Membrane Proteins (1993- 
1995) 


21. Studies on Perception Cognition Motion and Behav- 
ioral Control 


(1) Investigation on Central Mechanisms of Human 
Brightness Perception (1991-1993) 


(2) Mathematical Study on the Learning Control of 
Multi-Limb Cooperative Motions (1991-1993) 


(3) Neural Information Processing for Sensory 
Motor Association (1992-1994) 
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(Special Researches) 
Science and Technology for Human Life 


1. Measurement and Evaluation of Attention and 
Movement for Aged People (1993-1996) 


2. Hurman Characteristics in Man Machine Interface 
for Shape Forming (1991-1995) 


3. Studies on Metrics and Modeling for Human Sen- 
sory-Motored Skill (1990-1994) 


4. Measurement of Human Fuzzy Information Pro- 
cessing (1989-1993) 


Biotechnology 


5. Stabilization of Membrane Enzyme Reactor (1993- 
1997) 


6. Research on Gene Expression of Plant and the 
Regulation (1993-1997) 


7. Studies on Molecular Mechanism in Biomembrane 
and Functionalization of Artificial Membrane 
(1993-1996) 


8. Regulatory Mechanisms of Cell Proliferation on 
Eukaryotic Microorganisms (1990-1994) 


9. Biocatalyst for Oxidation in Microaqueous System 
(1990-1994) 


10. Studies on New Transferring Enzymes and Their 
Functions (1990-1994) 


11. Development of Substances Regulating Cellular 
Signal Transduction (1989-1993) 


Bionics 


12. Design, Structure and Functions of Protein-Unit 
Assemblies (1993-1997) 


New Materials 


13. Studies on Molecular Assemblies for Sensing Sys- 
tems (1990-1994) 


Interdisciplinary Science 


14. Quantum Biological Studies on Enzyme Reactions 
(1992-1994) 


Specific International Joint Research Project 


15. Mechanisms for Release of Methane into the Atmo- 
sphere by Microorganisms (1990-1993) 


16. Basic Studies on Biosensors (1993-1995) 
Technology for Small- and Medium-Sized Enterprises 


17. Development of Alternative Materials for Tortoise- 
Shell by Complexing Natural Polymers Derived 
from Insects (1992-1994) 


Pollution Control Technology 


18. Microbial Treatment of Natural Rubber and Plastic 
Waste (1991-1995) 


19. R&D into Efficient Treatment for Phosphorous 
Removal and Recovery (1992-1994) 


20. Methods for Characterizing Microbial Ecosystem of 
Oil Biodegradation in Sea Water (1993-1997) 


21. Outbreak and Propagation Mechanism and Mea- 
suring Method of Impulsive Low Frequency Sound 
(1990-1993) 


22. Psychological and Physiological Measurement for 
Fluctuating Offensive Odors (1990-1993) 


International Research Cooperation 


23. Development of Simple Treatment Method for 
Highly Concentrated Organic Wastewater (1991- 
1993) 


Research Cooperation Promotion Activities 


24. Research Cooperation on the Conservation and Sus- 
tainable Utilization of Biological Diversity (1993- 
1998) 


(Ordinary Researches) 


1. Control of Higher Brain Functions by Plastic Neural 
Networks (1993-1997) 


2. Amino Acid Sequence and Secondary Structure of 
Membrane Proteins (1993-1995) 


3. Studies on Structure and Function of Biomolecules 
by NMR Spectroscopy (1993-1997) 


4. Structural Specificity of Functional Biomolecules 
(1993-1995) 


5. Organic Chemistry Related to Biofunciions (Phase I 
Biomimetic Reactions) (1993-1997) 


6. Studies on Advanced Biocompatible Polymers 
(1993-1995) 


7. Methods of Constructing Biomolecular Systems 
(1993-1995) 


8. Studies of Biointerface Materials (1993-1995) 


9. Analyses for Functions and Dynamic Structures of 
Biomolecular Assemblies (1993-1995) 


10. Basic Study on Production and Design of Cell Func- 
tion Regulatory Peptides (1989-1993) 


11. Studies on Structure-Function Relationships of 
Nucleic Acids and Proteins by Molecular Evolu- 
tionary Engineering (1993-1996) 


12. Host-Vector System Suitable for the Protein Secre- 
tion by Yeast (1992-1993) 


13. Structural and Functional Studies of Bioenergetic 
Sup—Molecular Complexes (1993-1997) 
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35. 


36. 


. Theoretical Study on the Molecular Property and 


Reactivity of DNA (1988-1993) 


. Response Mechanisms of Plant Cells to Environ- 


mental Stimuli (1993-1997) 


. Microbial Utilization of Gaseous Substances (1993- 


1997) 


. Study on Mechanism and Function of Microbial 


Ecosystems in Unusual Natural Environments 
(1992-1996) 


. Study on the Function of Lipid Synthase (1992- 


1994) 


. Detection of a Specific Microorganism in Mixed 


Population of Microorganisms (1992-1996) 


. Synthesis and Degradation of Biodegradable Plas- 


tics (1990-1994) 


. Fundamental Studies on a New Cultivation Method 


of Mold Fungi (1990-1993) 


. Basic Studies on Enzyme Purification (1993-1997) 
. Breeding of Yeasts Used for Ethanol Production 


(1987-1993) 


. Basic Studies on Effective Separation of Cellular 


Components (1988-1994) 


. Metabolic Kinetics of Alcohol Yeast (1991-1995) 
. Specific Transformation of Hydrocarbon by Alkalo- 


philic Microorganism (1992-1993) 


. Molecular Mechanism of Cellular Behavior (1992- 


1994) 


. Structure and Function of Bacterial Flagella (1992- 


1994) 


. The Study on the Regulatory Substances for Mam- 


malian Cells (1991-1995) 


. Expression and Function of Growth Regulatory Fac- 


tors for Mammalian Cells (1993-1997) 


. Information Processing in Nervous System (1992- 


1996) 


. Cooperation Among Sensory and Perceptual Infor- 


mations (1992-1995) 


. Studies on Measurement and Modeling for Human 


Cognitive Process (1993-2003) 


. Noninvasive Measurement for the Clarification of 


Physiological Function (1993-1998) 


Studies on Sensory Information Processing (1993- 
2000) 


Study on Learning Process in Human Behavior 
Control and Measurement (1993-1999) 


42. 
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. Design Method Supported by Expert-based Knowl- 


edges and Pictures (1989-1993) 


. Study on Human Factors Engineering for Product 


Design (1991-1993) 


. Multi-Modal Information Processing in Human 


(1993-1997) 


. Multi-Agent Model of Human Muti-Ocular Fusion 


Mechanism (1993-1993) 


. Framework on Quality of Dwelling Environment 


Through System Design Approach (1991-1993) 


Maintenance and Preservation of Patent Microor- 
ganisms (1990-1994) 


(Patent Microorganism Depository) 


1. Elimination of Contamination From Patent Microor- 


ganisms (1990-1994) 


(Special Coordination Funds for Promoting Science and 
Technology) 


Coordinated Joint Research 


I. 
2. 


Sensory Integration Model for Haptics (1991-1993) 


Researches About Basic Common Technology for 
the Analysis of the Structure of Saccharide Com- 
pounds (1991-1993) 


. Fuzzy Approach to Human Friendly Information 


Systems for Everyday Life (1992-1993) 


. Studies on Communication of Intentions (1992-1994) 


5. Development for High Resolution of STM and AFM 


12. 


13. 


Observation in Ambient Atmosphere and in 
Aqueous Solution (1992-1994) 


. Modeling Human Decision on Making Process in a 


Group Using Various Communication Media 
(1993-1995) 


. Ab initio Molecular Orbital Calculation Methods for 


Biomolecular Dynamics (1993-1995) 


. Synthesis of Masked Bioactive Metallocompounds 


(1993-1995) 


. Research on the Effects of Biological Activity on 


Energy and Mass Flux of Ridge Crests (1993-1995) 


. Development of Experimental Systems for the 


Studies of the Defense Mechanisms of Plant Cells 
(1993-1995) 


Tumor Suppression by Modulating Angiogenic 
Factor (1993-1995) 


Studies on Structure Analysis of Glycoproteins by 
NMR Spectroscopy (1991-1993) 


Synthesis and Characterization of Magnetic Mate- 
rials Based on Metal Complexes (1992-1994) 
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Multidisciplinary Research 


14. Studies on Function of a Novel Brain-Gut Peptide, 
VIC, and Its Gene (1992-1994) 


Accelerated Basic Research 


15. Elucidation of Fundamental Mechanism on Biolog- 
ical Stress Response (1992-1993) 


16. Basic Studies on Physiological Characteristics of 
Autotrophic Microorganisms (1992-1993) 


17. The Effects of Circumstances on the Protein Struc- 
ture (1993-1993) 


18. Application of MRI to Human Technology (1993- 
1993) 


19. Bioconjugate Chemistry (1993-1993) 
(Joint Government-Private Sector Research) 


1. Drug Delivery System for Antitumor Drugs Using 
Synthetic Polymers as Drug Carrier (1991-1993) 


2. Research on Preparation of Highly Functional 
Ribozyme and the Application In Vivo (1993-1995) 


National Institute for Resources and Environment 


History 


National Institute for Resources and Environment 
(NIRE) was originally established in 1920 as the Fuel 
Research Institute (FRI). FRI was merged with Mining 
and Safety Research Institute (established in 1949) into 
the Resources Research Institute (RRI) in 1952. RRI was 
reorganized into National Research Institute for Pollu- 
tion and Resources (NRIPR) in 1970. NRIPR was 
further reorganized into NIRE in 1991 to accelerate its 
research activities on global environment. 


Message 
Director-General Osayuki Yokoyama, Dr. Sci. 


The human activities have reached a level at which their 
effects on the global environment have widely impacted 
on the earth. We know that concentrations of some 
natural gases such as CO, have been increasing, with the 
possibility of disturbing all life on this planet. We now 
realize that our activities actually threaten our own lives. 
It is urgent that all of us take some action to solve global 
environmental problems. But it is also true that the 
exploitation of natural resources and energy are of essen- 
tial importance for all the industrial activities in the 
world, and more affluent human life greatly depends on 
a sufficient supply of resources. Natural resources and 
energy must be developed and utilized in harmony with 
the global and surrounding environment. This restric- 
tion suggests that all sorts of productive activity might be 
reconsidered and/or redesigned so as to achieve this goal. 
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We require new technologies and appropriate counter- 
measures, based on precisely observed data, to chart the 
long-term prospect of the future global environment. 


The National Institute for Resources and Environment 
(NIRE), as one of the core organizations belonging to the 
Agency of Industrial Science and Technology (AIST), 
will make supreme efforts to promote research in devel- 
opment and utilization of natural resources and energy. 
We strive to solve global environmental problems 
through the close cooperation of the public at large and 
academic, industrial and public sectors. 


Role of the Institute 


The National Institute for Resources and Environment 
(NIRE) is concerne( with a wide range of research fields 
such as environmental protection, the development of 
natural resources and new forms of energy, and indus- 
trial safety, all of which are critical areas for our highly- 
industrialized society. 

A great effort is being focused on the following research 
subjects. 


1. Global Environment 


e Measurement of gases which contribute to global 
warming such as CO,, CH,, and N,O. 

Evaluation of the effects of global warming. 
Recovery and utilization of CO,,. 

Treatment of CFCs and CH,. 

Various mechanisms of global warming. 


2. Regional Environment 


e Measurement and analysis of pollutants in atmo- 
spheric and hydrospheric environments. 

e Environmental assessment and modelling. 

¢ Reduction of pollutant emissions. 

e Control of hazardous or refractory organic sub- 
stances. 


3. Energy 


e Liquefaction and gasification of coal. 
e Advanced combustion technology. 

e Energy conservation technology. 

¢ Development of alternative and renewable forms of 


energy. 
4. Resources 


Development and refining of natural resources. 
Preparation of advanced materials. 
Development of underground space. 

Recycling of industrial wastes. 


5. Safety Engineering 


e Prevention of fires, explosions, corrosion and 
destruction. 

e Mining safety. 

e Safety assessment of underground construction. 
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Environmental issues are now expanding from local to 
global scale with the development of industrial activity, 
the increase in the production of new chemical materials, 
and the accumulation of wastes. The most recent 
research subjects for global scale environmental prob- 
lems are climatic change due to so-called global warming 
gases such as CO,, CH,, etc., cpus <a 
spheric ozone layer by chiorofluorocarbons (CFCs), and 

acid rain composed of sulfuric and nitric acids arising 
from fossil fuel combustion. Deforestation, desertifica- 
tion and marine pollution are also serious problems. 
Among these problems, global warming is an urgent and 
widespread problem for human beings. 


In order to face these global environmental issues, NIRE 
is carrying out research and development on reduction 
technology for CO,, CFCs and nitrogen oxides; on 
techniques for measurement of those gases in the envi- 
ronment, and on the simulation model for behavior of 
these materials on a global scale. 


Global Environment: Oxene Layer Depletion 
Emission Control! of Halocarbens 


Chlorofluorocarbons and trichloroethylene have brought 
about serious problems of air pollution. Effective tech- 
nologies for emission control of halocarbons are greatly 
needed. 


Recycling of the halocarbons by adsorption is suitable 
for the emissions of many industries. Research efforts 
are being directed to novel adsorption materials, effi- 
cient desorption from adsorbed phase, and optimal 
systems for the adsorption-desorption cycle. 


Moreover, methods for decomposition of halocarbons in 
dilute exhaust gases and wastes by means of plasma 
reaction and catalysis are also being developed. In addi- 
tion to the decomposition methods, emphasis is placed 
on fixation of decomposed halogen and analysis of trace 
by-products. 


Assessment of Environmental Acceptability of Alternative 
Fivorocarbons 


Alternative fluorocarbons have been designed to be 
degradable through reaction with hydroxyl radicals in 
the troposphere. The degradability of these alternatives 
in the troposphere is being assessed, along with potential 
for ozone layer depletion. The possible production of 
secondary pollutants is being studied using a photochem- 
ical chamber. 


Global Environment: Global Warming 


Gases related to global warming, such as CO, and CFCs 
(chlorofluorocarbons), absorb infrared radiation from 
the earth surface and might potentially change the 
climate. 
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CFC 
Schematic Diagram of CFCs Decomposition by Thermal 
Plasma Reaction 
F.C.—flow controller F.M.—flow meter 





If the tendency of CO, and CFCs concentrations con- 
tinue to increase, air temperature at the earth’s surface 
would increase by 1-2°C in the coming 50 years. 


Global Circulation Modelling 


Anthropogenic carbon dioxide, CFCs, travel all over the 
atmosphere, interacting with other substances, the bio- 
sphere and the ocean. 


Research on material balances is important for pre- 
dicting future concentrations of gases which contribute 
to global warming and estimating the effect of preven- 
tion technologies. 


The material balances and cycles in global scale are 
studied employing models (e.g CCM by NCAR) and 
date (e.g. analysed date by ECMWF). The ocean is 
considered a great reservoir for these warning substances 
in comparison to the atmosphere. They flow on oceanic 
currents and from their final distribution while they 
react chemically with each other and interact with bio- 
logical systems. NIRE is now developing simulation 
models for tracer circulation in the ocean, based on a 
dynamic oceanic general circulation model (OGCM). 
This takes into account chemical and biological pro- 
cesses in order to reconstruct the means of distribution 
of these materials and investigate the fundamental 


processes involved. 
Field Observation of CO, Behavior in the Environment 


The emission of CO, by consumption of fossil fuel and 
destruction of forests are estimated about 6 GT/Y, but 
the behavior of CO, in the environment is not known 
well. 
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Dispersion of Particles Released From Japan 





Field observation using both airplanes and towers is 
being carried out over land and sea inside and around 
Japan. The behavior of CO, and CFCs under various 
surface conditions and latitudes is being investigated 
through such observations. 


Monitoring and Analysis of Atmospheric and Marine 
Environments by Remote Sensing Technologies 


Remote sensing from satellite or airplane is useful for 
monitoring and analyzing atmospheric and marine envi- 
ronments because it is the only way to obtain a synoptic 
view of various environmental parameters over a broad 
area, (even up to global scale), over the long term. 


Remote sensing technologies are under development for 
measuring greenhouse gases such as CO,, CH,, etc., and 
detecting aerosols. Those play important roles in the heat 
balance of the atmosphere. 


Phytoplankton distributions, important as the basis of the 
food web and associated material cycling in the marine 
environment, are monitored by remote sensing techniques 
and analyzed with remote-sensing sea-surface-temperature 
data and shipboard observation data. 


Mechanisms of variation in phytoplankton abundance 
and associated material cycling in the marine environ- 
ment are studied. The effects of human activities on both 
regional and global environments are investigated. 


Carbon Cycle Study in Northwest Pacific 


It is hypothesized that about 50 percent of CO, released 
to the atmosphere is absorbed by the ocean. The 
behavior of carbon materials in the ocean is not well 
known because there are many processes involved; the 
pressure balance between air and sea water, chemical 
balance of carbonate system, and biological processes 
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including primary production. This complicated system 
makes it uncertain how much CO, is absorbed now by 
the ocean and will be absorbed in the future. 


Carbon cycle study in the northwest Pacific started from 
1990 with the R/V Hakurei-maru. As the first step, 
distributions of inorganic carbon and biological mate- 
rials at the surface of ocean (> 300m) are examined 
along 175°E. Rates of processes which convert the forms 
of carbon will be measured on a future cruise. 










































































Processes of Carbon Cycle in Ocean 


Key: |. plankton 2. dissolved carbon 3. suspended 
carbon 4. sinking toward the bottom 5. fish 





Global Environment: Control Technology 
Carbon Dioxide Fixation by Artificial Photosynthesis 


Green plants can produce carbohydrates and oxygen 
from CO, and water using sunlight as a driving force. 
Since the plant reverts to CO,, when it is dead, to prepare 
“artificial plants” it can contribute to the recycling of 
CO,. For that purpose, the preparation of compounds 
capable of absorbing solar light efficiently and the syn- 
thesis of catalysts which can decompose water and 
reduce CO, to valuable chemicals are being studied. 
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Fixation and Utilization of Carbon Dioxide by Catalytic Hydrogenation 


The goal of the project is to develop a novel system which can convert the massive volumes of CO, released as exhaust 
gases by typical stationary sources such as thermal power plants and chemical and steel industries into useful 
chemicals, or fuel such as alcohols or hydrocarbons. 


The present study aims at developing excellent catalysts with high CO, conversion capability and selectivity to useful 
chemical products, as well as developing a reaction process which has high energy efficiency. 





























System for Fixation and Utilization of CO, by Catalytic Hydrogenation 
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N,O Abatement Techniques of Fluidized Bed Combestion 


N,O formation and destruction mechanism in fluidized 
bed combustors, and N,O abatement techniques are 
studied to make the best use of self-control mechanisms 
for polluting gases such as NO,, SO, and N,O. 





Nz <- N20 























Decomposition/Utilization of Methane 


It is estimated that global warming arising from methane 
will exceed that from CO, in the near future. Emission 














JPRS-JST-95-019 
28 March 1995 


sources in industry are natural gas wells, coal mines, and 
waste landfill. Methane from these sources might be 
converted into useful organic chemicals and fuels. 


The project aims at developing an advanced catalytic 
system to convert methane. Because of its inertness to 
reaction, methane is excited by photochemical and elec- 
trochemical activation coupled with a catalytic reaction 
to produce hydrocarbons and alcohols. 


Recovery of CO, by Inorganic Layered Compounds and 
Carbonaceous Adsorbents 


Recovery systems for CO, through synthesis and decom- 
position of inorganic layered compounds such as hydro- 
talcite are investigated. The manufacturing technique of 
CO, adsorbent from coal by carbonization or steam 
activation is also investigated. 








Global Environment: Acid Rain 


Mechanisms of Acid Precipitation and Monitoring Tech- 
nology 


Acidification of the environment is considered as arising 
from sulfuric and nitric acids formed from SO, and NO, 
in the atmosphere. Many kinds of oxidants (oxygen, 
ozone, hydrogen peroxide) and chemical species (ammo- 
nia, metal ions, aldehydes) are involved with atmo- 
spheric oxidation reactions taking place in the gaseous 
phase, the liquid phase (clouds, fog and rain) and the 
solid phase (particulates). In order to know why and how 
acidification of the environment occurs, the rate and 
mechanisms of atmospheric chemistry are being investi- 
gated, along with the development of instruments and 
methods for measuring various kinds of chemical com- 
ponents. 


Observation and Modelling 


Acidification of the environment is caused not only by 
acid rain, but also by dry deposition of aerosols. An 
air-borne observation system for aerosols and gaseous 
acidic materials is operated in the western part of Japan. 
A simulation model for acidification is being developed 
for East Asia, including Japan, China and Korea: It 
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consists of the source inventories, inhomogeneous chem- 
istry, and long distance transformation with cloud 


forming and precipitation variables. 
Nitregen Oxides Reduction (Stationary Sources) 


The reaction mechanism of NO, must be clarified in 
order to reduce NO, emission from stationary combus- 
tion facilities. The reaction rates of NO, are being 
measured by means of laser spectroscopy and shock tube 
techniques. Novel flue gas deNO, processes are being 
investigated for those small-scale combustors and co- 
generation engines where selective catalytic reduction 
(SCR) with ammonia cannot be used. 


Global Environment: Marine Pollution 
Behavior of Marine Pollutants 

chemical substances is now a globally important 
problem. These hazardous substances are liable to accu- 
mulate in the marine ecosystem and finally seriously 
effect human life. To clarify this problem, research on 


the behavior of marine pollutants such as organotin 
compounds, lead and chlorinated dibenzo-p-dioxins, 
etc., and methods for determining emission sources of 
these substances is being carried out. 

Other R&D for Global Environmental Problems 

Many other R&D projects involving global environmental 
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Regional Environment 

Air and water pollution problems in Japan were very 
serious in the late 1960s. The National Institute for 
Resources and Environment, operating under the 
Agency of Industrial Science and Technology, has con- 
ducted research and development on industrial pollution 
control technology. 
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Discrimination Methed of Emission Source of Polychlorinated Dibenzofuran 
Comparison between Compound | and 2 enables estimation of a percentage of A and B 





As a result, air and water conditions in Japan have been 
greatly improved over the last 10 years. However, there 
are still many pollution problems to be solved, such as 
air pollution in urban areas, air and underground water 
Sa 0 See Gen Se ae 2 oy 
areas, 


To solve these problems, NIRE is carrying out research 
on the measurement and control of pollutants, their 
behavior, and environmental assessment technology. 


Regional Environment: Environmental Assessment 
Simulation Medel of Atmospheric Diffesion 
It is important in air pollution control to investigate 
actual existing conditions and to develop a simulation 
os Concentrations of particulate and 
2 
Vx) by a particle counter and NC ground, over several 
cmp of Uisauten becknantie, concentrations of air 
pollutants and weather conditions can be observed. 


Computer simulations of sea and land breeze and heat- 
island effects on air pollution are also being c2rried out. 
These results are also utilized to develop a practical 
simulation mode! of diffusion for air pollutants. 


Prediction Methods for Marine Environmental Pollstion 
Re GURSTR, Water puteten le cones esums *& canes by 


to the economic and industrial activities of mankind, so 
we must protect the marine ecosystem and more ade- 
quately manage the social behavior of human activities 
in the future. 





Concentration Map of Particulates and Simelation of 
Air-Pollutant Trajectory Medel 





NIRE is investigating predictive methods for pollution 
effects on natural coastal waters. For instance, an 
attempt is being made to develop an ecological and 
hydraulic numerical simulation model via computer. 
For this purpose, we are also developing instruments for 
field surveys and studying methodology for field obser- 
vation in order to obtain accurate data of the sea. 

Fate Assessment Model for Chemical Substances 

released in the aquatic environment, they are first trans- 
ported, then diffused by the hydrodynamic process, fluid 
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motion and turbulence, and finally transferred to the 
atmosphere and sediment through various physicochem- 
ical and biochemical processes. Such chemicals are 
assimilated by all trophic levels of the aquatic food web, 
and 


ment methods for newly synthesized organic chemicals. 
The basic concept of this model is the conservation of 
mass, coupled with the hydrodynamic equations of 
momentum and state. Material flow through the ecological 
food web system will be incorporated in a future stage. The 
overall framework of the model consists of three units, as 
Game © Gp Nee le an ages Ge Spe 6 
organic chemicals, the hydrodynamic component, and the 
fate and transport components. 


Prediction of Greandwater Pollution 


In recent years, it has been found that groundwater 
pollution from various toxic chemical substances is 
becoming widespread. For appropriate treatment, it is 
necessary to develop a prediction method of ground- 
water pollution processes. 

The illustration shows a pattern of groundwater pollu- 
tion caused by the infiltration of polluted river water 
through the natural river bed. Contaminants migrate and 
disperse in the groundwater (aquifer or saturated layer). 











impermeable 
layer 
Groundwater Poliution Model 





This research examines the mechanism using trichloro- 
ethylene as non-conservative traccrs and follows the 
migrations in order to clarify the decay and change of 
substances in soil. 


Regional Environment: Measurement of Pollutants 
Measurement of Stationary Source Dust 


Though the environmental quality standard for sus- 
pended particulate matter (SPM) was enacted in 1972, 
the compliance rate with standard has remained at a low 
level in Japan, and it is a very serious administrative 
problem to improve the compliance rate. 

The identification of emission source is important for 
this purpose, but it is difficult to determine the origin of 





k ~ 


SPM because data about particulates, produced from 
exhaust gas after emission from stack to the air, are 
insufficient in source model based on current official 
measuring methods. 

At NIRE, research is being carried out to develop a new 


and oxidation from exhaust gas in the air, can be taken 
into consideration with such a new method. 





























New Measuring Method of Source Dust 





Determination of Trace Amounts of Hazardous 
Sabstances 


The kinds of hazardous substances emitted to the hydro- 
sphere have been increasing with our industrial develop- 
ment. Some hazardous substances cause serious effects 
on the environment and human activities even at ppb or 
ppt level concentrations. The degree of the effect of 
hazardous substances depends on chemical species, 
therefore, an accurate differential determination of trace 
species as well as the determination of total content of 
the trace substances is important. Aithough conventional 
analytical methods manage to determine total content of 
hazardous substances at ppb level, they do not attain the 
speciation at such a level. 

The object of this investigation is to develop a new 
analytical method using ICP-MS, laser enhaiced ioniza- 
tion (LEI) spectrometry, or high resolution GC-MS, 
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which can enable us to determine total concentration 
nometallic compounds, chlorinated organic compounds, 
cic. in water. 



























































Recently the amount of hazardous waste containing 
halogenated organic compounds is increasing. These 
wastes should be decomposed properly to avoid environ- 
mental pollution. Incineration is the most feasible treat- 
ment for their disposal. However, it is important to 
clarify the conditions for safe treatment because there is 
the possibility of forming more-toxic compounds during 
the incineration. 


In this investigation, the possible products and mecha- 
nisms of the thermal reactions of halogenated com- 
pounds are being studied to predict the optimum condi- 
tions for their combustion. Bench-scale combustion 
experiments will also be performed to investigate the 
practical aspects. 

Development of Control Techniques for Diesel Exhanrst 
Emissions 
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The regulatory emphasis in the Water Pi ilution Control 
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cals in Waste Water With Supercritical Fluid 


The purpose of this research is to develop supercritical 
fluid technology for removing chemical pollutants from 
waste water that are not amenable to biological treat- 
ment. 


A substance that has been brought beyond a critical 
point may have great solubility change with relatively 
small change in operating conditions. This substance is 
referred to as supercritical fluid (SCF). SCF can be used 
to separate and recover pollutants from waste water by 
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Waste Water Treatment by Adsorption and 


of Adsorbent by Supercritical Fluid 
(Alternate Use of Tewer A and B) 
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Energy: Coal Liquefaction Technology 
Coal Liquefaction 


The Sunshine Project has developed brown coal lique- 
faction, and bituminous coal liquefaction processes. 


The method, which has been carried out at NIRE, is a 
coal liquefaction process using solvent extraction, and is 
essentially a two-stage procedure. The purpose of this 
research is to provide fundamental data for selecting 
optimum reaction conditions for the liquefaction of 
various coals and the upgrading of coal liquid. Product 
utilization is also being investigated. 

Separation of Valuable Components From Coal Liquid 


Coal liquid includes a lot of valuable components useful 
for chemical feedstocks. It is very important to separate 
such components from the coal liquid, which can then 
help reduce the net cost for production of liquefied fuel. 
NIRE is studying separation methods in cooperation 
with the New Energy and Industrial Technology Devel- 
opment Organization (NEDO). 


Energy: Coal Gasification 

Although gasification of coal has been utilized to pro- 
duce mainly city gas and synthetic gas for more than a 
century, the development of an advanced gasification 
process which achieves higher efficiency using various 
kinds of coal with less environmental impact is still being 
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anticipated. R&D on coal gasification technology is 
being conducted by the government and various con- 
tracting companies as part of the Sunshine Project. 


At NIRE, a fundamental study on coal gasification at 
high temperature has been carried out. One of the 
objectives of this work has been to predict optimum 
conditions for the highest efficiency in conversion of 
coal into product gas by using both experimental and 
theoretical approach. 


Research is being performed on desulfurization from 
product gas, including in-situ desulfurization in the 
gasifier and hot gas clean-up using solid sorbent. 


Hydrogasification of coal is also being investigated. 


Energy: Biomass Energy 
Beneficial Use of Biomass 


Among non-fossil energy sources, biomass resources are 
unique in that they are renewable and carbonaceous. 
Since they fix CO, in the atmosphere, a new production 
system independent of fossil sources can be established 
by producing fuels and chemicals from biomass. 


This research aims at the production of liquid fuels from 
fast growing biomass such as Eucalyptus through ther- 
mochemical conversion. R&D is being carried out for 
the mass-production and separation of micro-algae 


a Coal Liquefaction Plant 
a Liquefaction Residue 
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CO, Circulation Through Biomass Utilization 





which can efficiently fix CO, in the atmosphere, as well CARS (Coherent Anti-Stokes Raman Spectroscopy) 
as for the recovery of hydrocarbons from the algae. 
Fhaidization ef Wastes and Production of Liquid Fuel 




















The operating temperature range of the heat pipe is 
determined by the various working fluids and container 
materials. This study consists of analyzing the basic heat 
transfer characteristics of high temperature heat pipes 
with material compatibility. 


The photo [photograph not reproduced] shows the con- 
denser section of a sodium heat pipe at a vapor temper- 
ature of 800°C. 


Furnace Measuring System 


Understanding the flow behavior of solid particles in the 
coal combustor is required to get further control of 
pollutant emissions. To meet this requirement, a new 
visualization technique is being developed using image 
fiber. The photo [photograph not reproduced] (a) shows 
the motion of the sand particles flowing in the circulating 
fluidized bed. The photo (b) shows loci of the burning 
char particles at 1/1000 s. 


Catalytic Combustion 


Utilization of catalytic combustion is significantly 
advantageous in the control of NO, emission, since low 
temperature combustion is possible on a catalytically 
active surface. In this research, basic studies of catalytic 
combustion are being carried out, such as measurements 
of temperature profiles, and numerical simulation in 
honeycomb monolith catalyst. The hope is to reduce 
NO, emission from small-scale stationary sources. 


Energy: Geothermal Energy 
Development and Utilization of Hot Dry Rock 


The geothermal system of heat extraction from hot dry 
rock requires drilling two wells into hot crystalline rock, 
connecting them at depth through a large hydraulic 
fracture, and then circulating pressurized water through 
this closed system to recover heat from the rock. The 
volume and orientation of hydraulic fractures depends 
on natural conditions such as earth stress and natural 
joints in the rocks. Other variables include flow rate and 
water pressure. The water pressure required to initiate 
fracture and the orientation of fractures are being inves- 
tigated using rock blocks containing an existing joint in a 
laboratory. During these tests, acoustic emission (AE) is 
measured to map the fractures. 


At Hijiori hot dry rock test site, NIRE is investigating the 
fracture orientation and physical properties of rock using 
oriented cores. The earth stress is estimated by differen- 
tial strain curve analysis (DSCA). Computer simulation 
and tracer tests are being conducted to evaluate hot dry 
rock reservoirs. 


Downhole Coaxial Heat Exchanger System 


Promising geothermal resources include hot wet rocks 
containing insufficient amounts of steam or hot water 
for power generation, very high temperature formations 
adjacent to magma bodies, and magma itself. In order to 


JPRS-JST-95-019 
28 March 1995 





A Result of Simulation for HDR Reservoir Evaluation 





extract heat from such geothermal resources, a new heat 
extraction system i.e., the downhole coaxial heat 
exchanger system, has been developed. 





Prototype Insulated Inner Pipe 
Heat Extraction Using a Downhole Coaxial Heat 
Exchanger 
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Drilling Technology for Geothermal Wells 


In order to drill geothermal wells economically and 
efficiently, improvements in drilling techniques have 
been developed. 


Aerated mud drilling methods have been introduced to 
improve drilling efficiency in rock. New bits with PDC 
(polycrystalline diamond compact) cutters are also being 
developed for drilling hot and hard formations. 


The photos [photographs not reproduced] below show a 
drill test facility and drill bits with PDC cutters. 


Japan is rather poorly endowed with mineral resources. 
The sufficient supply of resources and development of 
advanced technologies for their utilization are of partic- 
ular importance to support the country’s vital economic 
activities and to provide for a more amiable life. 


NIRE has conducted R&D on techniques for mining and 
processing of deep-sea mineral resources (manganese 


nodules, cobalt rich manganese crusts, polymetallic sul- _ 


fides...), for the advanced utilization of granite and 
serpentinite in industrial materials, for the purification 
and preparation of rare metals into high grade materials, 
for the production of carbon materials from organic 
carbon resources, and for the development and utiliza- 
tion of underground space. 


Resources: Development of Deep-Sea Mineral Resources 


Large amount of mineral deposits lie on the deep ocean 
bottom. Manganese nodules on the pelagic sea floor, 
polymetallic sulfides (PMS) around the oceanic 
spreading centers, and cobalt rich manganese crusts on 
seamounts are expected to be valuable mineral resources 
in the next century. 


Some nations and groups in the world have been developing 
mining technology for manganese nodules. In Japan, AIST 
is promoting this as a national R&D program. 


NIRE is conducting fundamental research on nodule 
mining technology and also conducting basic studies 
on the development of PMS and cobalt rich manganese 
crusts. 


Research on PMS and Cobalt Rich Manganese Crusts 


An accurate assessment of the topographical character- 
istics and engineering properties of PMS and cobalt rich 
manganese crusts is required for their development and 
utilization. An evaluation method of microtopography 
from stereographic pictures is being developed. Physical 
and engineering properties of samples are also being 
tested. 
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Resources: Underground Space Development and Utilization 

Manganese Nodule Mining Technology 

The mining system for manganese nodules consists of 
lifting, machinery handling systems, etc., 

along with a mining ship. 

NIRE is conducting fundamental research on collecting 


and lifting systems. An environmental impact study is 
also being carried out. 
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Development of Mineral Resources 


It is necessary to establish a special method for develop- 
ment of these mineral resources located in highly 
stressed strata, or very soft strata. At NIRE, studies on 
this problem have been carried out in-situ and in labo- 
ratory model tests as well as in numerical analyses. 
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Evaluation of Deformation Behavior of Mined-out 
Openings by Base-Fraction Experiment 
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Also, methods for development of mineral resources in 
polar regions and on the lunar surface are now under 
study. 


Underground Space Utilization 


In recent years construction of underground power 
plants and oil storage plants have begun. However only a 
few underground space utilization projects have been 
undertaken in Japan. 


For improved human living, underground space in 
urban areas should be more effectively utilized. 


NIRE is conducting research on a method for surveying 
properties underground, and design and support systems 
for development. 


Water Jet Cutting Technology 


The erosive capabilities of water are well known. This 
erosive action can be concentrated and accelerated by 
creating localized coherent jets of high velocity water. 
For over 20 years water jets have been used as a cutting 
and cleaning tool for industrial purposes. 


NIRE is conducting fundamental research on water jet 
cutting technology, particularily on abrasive jets, oscil- 
lating jets, and water-jet-assisted mechanical rock cut- 
ting in order to apply the technology to hydraulic mining 
and civil engineering. 


Resources: Advanced Utilization of Mineral Resources 
Advanced Processing of Rare Metal Minerals 


Rare metals are indispensable to such industries as 
electronics, mechanical engineering, iron and steel- 
making and so on. Rare metal minerals are separated in 
the solid state condition from ores in which veinstone 
minerals coexist. 














Tension Zone 
Stress Distribution Around an Underground Opening 





This study investigates the electrical and magnetic 
nature before and after cation doping of AO, type oxide, 
typical in rare metal minerals. Selective flocculation as a 
new separation method, available for fine particles, is 
also examined. 


Advanced Coal Cleaning Processes 


Coal cleaning processes offer economical means for 
reducing the sulfur and ash content to environmentally 
acceptable levels. Investigated in this study are a column 
flotation to separate coal (based on the differences of 
surface properties between carbonaceous matter and 
impurities), and a chemical cleaning process to treat coal 
with chemicals. 
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Flow Diagram of Advanced Processing of Rare Metal Minerals 
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Microbubble Column Flotation Apparatus 





Purification and Preparation of Rare Metals Into High 
Grade Materials 


Rare metals are indispensable to high-tech industry and 
the need for rare metal materials of higher quality is 
increasing. Therefore, innovation in purification and prep- 
aration processes becomes very important. At NIRE, inter- 
action characteristics and selectivity in chemical reaction 
between organic reagents and the rare metals are utilized 
for high purification and powder synthesis. 


Resources: Processing for Advanced Materials 
Shape Separation of Fine Particulate Materials 


The importance of particle shape in addition to size is 
receiving increasing attention in the chemical, mineral 
processing, and manufacturing industries with reference 
to the improvement of handling and the functional 
characteristics of particulate materials. 








Hydrothermal Condition Below 170°C Sh 





Separation of Spherical Particle From Used Casting 
Sand by Inclined Conveyer Method; (a) Feed, (b) 
Product 





In NIRE an investigation is being conducted on particle 
shape separation applicable to fine particles down to 
several micrometers in size. In the first stage is separation 
and cleaning of spherical particles of several hundred 
micrometers. Separation processes apply a horizontally 
circulating vibrator and an inclined moving conveyer. 
Photos show the feed (a) and product (b) by means of 
inclined moving conveyer, which performs with high effi- 
ciency for shape separation of particles of about 200 pm. 


Preparation of Functional Colloids of Ultrafine Powder 


Ultrafine powder technology offers limitless potential in 
the near future. Fundamental studies on the preparation 
of functional colloids are being carried out at NIRE, in 
which magnetic ultrafine particles (UFPS, less than 0.1 
uum) are produced using ultrahigh temperature plasma 
reactors and their surfaces are coated with functional 
organic materials. Currently, highly magnetized super- 
paramagnetic colloids of rare-earth metals or com- 
pounds are targeted. 


Synthesis and Utilization of Layered Polysilicates 


Layered polysilicates are composed of silica, alkali metal 
and water molecules, with negatively charged layer struc- 
tures containing channels constructed with SiO, tetrahe- 
dral sheets. Owing to such properties, layered polysilicates 
are expected to have high potential for industrial uses. 
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Synthesis and Advanced Utilization of Layered Polysilicates 











This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














The following are being investigated in this study: (1) 
Synthesis of layered polysilicates as single phase with 
short reaction time, (2) Characterization of synthetic 
products, (3) Intercalation of layered polysilicates with 
various guest compounds for preparation of micro- 
porous adsorbents, shape selective catalysts, and so on. 


Resources: Resources Recycling 
Treatment and Utilization of Asbestos Wastes 


The destruction of asbestos fibers by heat and acid 
treatment is examined in order to considerably reduce 
the health hazards caused by waste asbestos. The silica 
and magnesium obtained from the asbestos is evaluated 
for industrial usefulness. 


Treatment and Utilization of Rare Metal Wastes 


A rapid increase in the amount of scrapped electronic 
products, such as obsolete computers, seems to be inev- 
itable. Therefore, in order to establish a closed treatment 
cycle from which no toxic materials are discharged and 
most valuable rare metals are recovered, this study 
focuses on fundamentals for incineration and solution 
purification. 


Resources: Advanced Utilization of Carbonaceous 
Resources 


Origination of Carbon Material 


An understanding of the structure of carbon precursors is 
very important for obtaining characteristic materials 
from which the mechanical, electric and chemical prop- 
erties of the end products are derived. The study, which 
has great potential, is primarily being directed to struc- 
tural modification of the precursors through gas and 
solid phase processes. In the gas phase process of carbon 
deposition from chemical species activated by plasma 
CVD etc., an attempt is being made to modify surfaces of 
substrates and to produce high grade or hybrid carbon 
materials. Specific polymers designed through molecular 
orientation are carbonized during the solid phase process 
to prepare high performance carbon materials. 


Separation and Utilization Technology for Heteroatom 
Containing Compounds 


Fossil fuels, coal, petroleum, oil shale, etc., have large 
amounts of heteroatom containing compounds. Separa- 
tion and utilization technologies for these compounds 
are being studied in order to establish a total utilization 
system of fossil fuels. For instance, studies on the rela- 
tionship between the structure of heteroatom containing 
compounds and intermolecular interactions, separation, 
and reaction characteristics, aim at effective separation 
technique and selective reaction technique. 


Laser Chemistry 


There have been many examples in which new tech- 
nology came into being from a new scientific discovery 
and generated an industry. One case is laser light. It is 





Cross Section of Composite Carbon Film Polyimide 
1. porous carbon 2. molecular sieve carbon 
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coherent and monochromatic, and gives very high 
photon density. The study aims at applying laser light 
with its special features, to fuels to produce ultrapure 
compounds or fine clusters as new materials. 


Safety Engineering 


As Japan is a major importing country of natural 
resources extracted from all over the world, safety is very 
important during development of resources and energy 
and also in their utilization. 


To improve safety in mines, industrial sites, under- 
ground openings for industrial use, etc., basic studies 
address the occurrence, mechanism, and extinguishing 
of fires, and explosive fractures. The development of 
prediction, estimation, and prevention techniques for 
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industrial disasters are being carried out in NIRE. The 
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Safety Engineering: Industria! Fire Prevention 
Industries handling many kinds of resources and energy 
forms always are at risk of fire related to their mineral 
products and industrial materials. Studies to prevent 
industrial fires and maintain a safe working environ- 
ment are being conducted. Main research subjects are 
the flammability of combustible materials, standardiza- 
tion of flame resistance tests, and investigation into the 
characteristics of combustion products. 


Studies on fire spread characteristics and escape systems 
in case of emergencies deep underground, in developed 
spaces or coal mines, are also in progress. Further, 
full-scale experiments on fire spread prevention tech- 
niques such as water spray, fireproof construction 
methods, and fire fighting techniques have been carried 
out with the use of large-scale test galleries. 


Fire Prevention and Extinction 


Direct fire-fighting in confined spaces such as at a great 
aoe 5 ee ee. underground mines, and 
large-scale facilities is anh a more difficult than fighting 
surface fires because of the concentration of combustion 
products, the effect of thermal feedback, and explosions 
caused by the flash-over phenomena. 


In order to directly suppress fires underground and then 
to establish extinguishment at short notice, research has 


been conducted on development of extinguishing tech- 
niques using high expansion foam and inert gas. Exper- 
imental studies are in progress on new extinguishing 
techniques such as a rapid evaporation system with 
liquid nitrogen, and a combined system of inert gas 
generator with foam generator. 


Emergency Refuge System 


Studies to devise an optimum refuge system for emer- 
gency in underground space or mines are being carried 
out. The main research subjects are improvement and 
test methods for respiratory protective devices, informa- 
techniques and suitable wireless instruc- 


tion-processing 
tion methods for underground communication systems — 


and safety enhancement, and structure intensification 
methods for refuge stations underground. Behavior of 
people in an emergency situation underground is also 
studied in order to develop on optimum refuge system. 


Safety Explosion Prevention and 
Utilization of Energy 


Many kinds of materials such as hydrogen, ethylene, 


liquefied petroleum gas are used in chemical plants and 
natural gas, propane are used in homes, etc., which give 
rise to accidents. Another explosive hazard in process 
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industries which handle foods, chemicals, plastics, 
metals, etc., is dust explosions. This type of explosion is 
very common in coal mines. 

In order to minimize these types of accidents, clarifica- 
tion of the mechanism of such explosions, ignition 


sources, and controlling the propagation of the explosion 
is under study. 


Recent explosives are fairly safe, and the number of 
accidents due to explosives is on the decline. However, 
new safety inspection technology for new explosives to 
be developed in the future, new construction biasting in 
the city, and controlled blasting in the new frontier of 


geo-space are also being studied. 
Explosion Prevention 


Ways to lessen and prevent inflammable gases or dust 
explosions are being researched. To lessen the occur- 
rence of explosions, gas cxplosion phenomena such as 
blast wave development and flame propagation are 
under study. The effect of explosion restraint materials is 
also a subject of study, as are explosion prevention 
through diffusion of released gas, potential ignition of 
flammable gas, static electricity, and techniques for the 
design of explosion-proof equipment. 

Controlled Blasting 


The cost of blasting is lower and blasting is more 
efficient than other forms of excavating technology. New 
controlled blasting can control the breakage area, and is 
desired for excavating new geo-space. So, new controlled 
blasting methods such as the AVL (Alternate Velocity 
Loading Blasting) method, and construction blasting 
methods which can control vibration and noise are being 
studied. 


Safety Enplacering: Underground Safety Aeerment 


As land in Japan is scarce, it should be more effectively 
utilized. Underground openings have many advantages 
over surface construction such as temperature stability, 
insulation of heat, light, air and others. For highly 
advanced utilization of underground openings several 
studies are being carried out, as follows: the visualization 
technique of underground rock body by using waves, 
rock mechanics and stability assessment technique for 
the purpose of long-term utilization of underground 
openings, the corrosive properties of materials in the 
special environment for the purpose of developing reli- 
able instruments, sensor development and ventilation 
research for improvement of the underground environ- 
ment, and mechanisms of human error, in order to 
establish an underground safety system. 


Safety Assessment for Underground Structures 


As examples of utilization of geo-space in rock, there 
already exist oil and LPG storage tanks in the rock. In 
order to more widely use the geo-space in rock, rock 
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assessment by using geotomography, the effect of under- 


underground rooms are all areas now under study. 
Soand Environment Control 
Sound is inseparable from daily life and industrial activ- 
ities. Music, conversation, or announcements from loud 
speakers are essential for comfortable living and efficient 
industrial activities. On the other hand, unpleasant noise 
results in irritation, sleep disturbance, inefficient work, 
obstruction of information exchange, etc. Sometimes 
such a situation may act as a trigger for accidents or 
incidents. Concerning sound in living or working envi- 
ronment, the propagation estimation, effects of noise on 
sound information transmission, and impulsive sound 
due to blasting are being investigated. 
7. Others 
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Coal Mine Safety Research Center, Hokkaido 


The Center was established in October 1938. Thereafter, 
the center has conducted numerous and significant 
studies on coal mine safety technology, with most of the 
results of these studies put into use in coal mines. The 
main subjects of these studies have been coal dust 
explosion, spontaneous combustion of coal, safety mon- 
itoring systems, coal outburst, etc. 


Now, based on these results, the center is conducting 
studies of sensor technology, including chemical analysis 
and electrostatic technology, in order to realize 
improved coal mine safety and also with application to 
industrial safety technology. 


Coal Mine Safety Research Center, Kyushu 


The Center was established by the Japanese Government 
and Civilian Organization in May 1915. For over 75 
years, the center has provided technology and technical 
services to the coal mining industry regarding coal mine 
safety. The experimental coal mine of the center, a 
unique facility in Japan, has been used for full-scale tests, 
and useful results have been obtained. 


Over the past decades, the working environment for coal 
mines in the Kyushu coal-mining area has been getting 


NIRE is undertaking a variety of international research 
cooperation programs as follows: 


1. Programs are executed under the guidelines of the 
Specific International Joint Research Project, bilat- 
eral cooperation agreement, and multilateral cooper- 
ation agreement. 


2. Programs are executed under the Institute for 
Transfer of Industrial Technology projects. 


3. Technical training courses offered to developing 
countries through JICA (Japan International Cooper- 
ation Agency) and the UN (United Nations) are held 
as both group and individual training courses. The 
courses undertaken at present are “Industrial Pollu- 
tion Control,” “Mining Safety” and “Advanced 
Industrial Technology.” Expert engineers are dis- 
patched to developing countries according to requests 
circulated through JICA. 


4. There are a variety of invitation programs for foreign 
researchers sponsored by AIST and other institutions. 
The following are examples of these programs: 


¢ AIST Foreign Researcher Invitation Program 

¢ Invitation programs for foreign researchers related to 
large-scale projects. 

¢ Invitation programs for foreign researchers in EC 
countries, made through the Japan-EC Industrial 
Cooperation Center. 

¢ STA Fellowship in Science and Technology. 

e Invitation program owing to Accelerated Basic 
Research. 

e Invitation program owing to a memorandum of 
understanding with the U.S. National Science Foun- 
dation to accept up to 50 U.S. researchers a year to 
work in AIST laboratories. 


5. There is also a system for attendance at international 
conferences and international meetings, and for mid- 
or long-term foreign-based research. 
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List of Research Project in FY 1993 
Special Research and Development 


Mine and Safety 


e Mechanism of Lipid Oxidation and Design of Oxyge- 


New Materials 
Preparation of Novel Carbon Materials Based on 


e Dust Control Methods in Confined Working Envi- 


ronment 


Resources and Energy Technology 


e Effects of Minor Elements on the Separation Mecha- 
nism of AO, Type Oxide Ores 

e Intermolecular Interaction, Separation and Reaction 
of Heteroatom-containing Compounds 

e Study of Compact Heat Exchangers 


Marine Technology 


* Evaluation Technology of Cobalt Rich Manganese 


Crust Deposits 
Bioni 


Molecular Design 


Synthesis of Layered Polysilicates and their Utiliza- 


tion by Intercalation 


Synthesis of Advanced Rare Metal Compound Films 


Using Ultrafine Particles 


Basic Technology for Future Industry 
Production of Carbon Clusters and Carbon Metal 


Complexes Using Laser 


e Separation Technology of Particulate Materials 


According to Particle Shape 
Coal Mine Safety 


e Suppression Techniques in the Early Stage of Under- 


ground Fires 
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Personne! Expenses-2,474 Energy Development Project-288 















































Budget (Unit: Million Yen) 
Mineral Resources Development 
| & Utilization-260 (17.7%) Va Regional Environment-559 (38. 1%) 
Energy Development & 
Utilization-395 (26.9%) Total 
1,468 
— Global Environment-128 
| (8.7%) 
Safety Engineering-126 
| (8.6%) 
Budget Research Field (Unit: Millien Yen) 
¢ Techniques for Underground Dust Control Pollution Control 
Government-Private Sector Research & Development © Catalytic Oxidation of Refractory Organic Substances 


e Evaluation Method of Scavenging Process of Shore- 
e Behavior Evaluation and Stability Analysis of a line Environments 


Cavern and a Slope © Treatment and Advanced Utilization of Asbestos 
Waste by Transformation of the Fibrous Form 
Nuclear Research ¢ Recovery of Rare Metals from Electronic-parts 
e Rock Mechanics About Storage Caverns for Radioac- Wastes 
tive Wastes ¢ Propagation Mechanism and Measuring Method of 
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Impulsive Low Frequency Sound 
e Simultaneous Control Technology of N,O and NO, 
from Coal Combustion 


Substances in Waste by Hybrid Analytical Method 
e Selective Separation Technique for Volatile Organic 


Halogenated Compounds 

e Production of Nitrogen Free Oil by Thermochemical 
Treatment of Organic Industrial Wastes 

e Control Techniques for Nitrogen Oxides from Small 
Scale Combustion by Catalytic Combustion and Flue 
Gas Treatment 

¢ Control Techniques of Hazardous By-products in 
Industrial Waste Incineration 

e Development of Automatic Measuring Method of 


Sources 
¢ Development of Technology for Removing Air Pol- 
lutants by Photocatalysis 
e Ecological Model of Coastal Microbial Cycle 
Global Environment Research Program 
e Modeling of Material Transport in the Troposphere 
e Technology and Evaluation for Abatement of SO, 


and NO, Emission in East Asia 
. Experimental Research on Chlorine Molecule Pro- 


Stratospheric 

¢ Development and Evaluation of Technologies for 
ing Substances 

. Recovery and Emission Control of Fluorocarbons 


e Research on the Modeling of the Carbon Budget of 
Temperate Forests by the Field Measurements of CO, 


Flux 

e Clarification of the Sources and Emissions CH, and 
N,O (Source Inventory of Industrial Facilities) 

e Clarification of Origin and Behavior of Marine Pol- 
lutants 

e Preliminary Study o7 mulation to Ocean Sedi- 
ment and Bei:avi ming Toxic Metals and 
Chemical Subster 


¢ Modeling oi : Physica: _«siogical Processes in the Cen- 
tral Japan Sea with 4 stimilation of Satellite Data 


Special International Joint Research Project 


e Generation, Transport and Transform Processes of 
the Acid Rain 
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e Cycle of Trace Gases and its Modeling in Both 
Hemispheres 

Institute for Transfer of Industrial Technology (ITIT 

Project) 

. Countermeasures for Ignition Sources of Gas and/or 


e Prevention of Expanded 
Zone with the Metal Mining Development 

« Control Techniques of Acid Precipitation Caused by 
Coal Combustion 

¢ Assessment Models of Air Pollution in Industrialized 

e Assessment of Pollution by Chemical Substances 

e Efficient Utilization of Unused Tropical Biomass 


Assessment Technology for Industries 


e Assessment Models of Air Pollution 
e Assessment Models of Water Pollution in Coastal 


nology 

e Evaluation of Ground Water and Underground Struc- 
ture (Recycling Technology of Ground Water) 

¢ Fully Automated, Remote-controlled Excavating 
Technology (High Efficiency Excavating Technology) 

. Evaluation of Long-term Stability of the Dome _ 


Coal Energy 


uefaction Products 
¢ Analytical and Evaluating Investigation for Coal Gas- 
ification Data 


Geothermal Energy 
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e Technology Assessment of New Energy Utilization on 
Global Environment 

e Hydrocarbon Production from Plants with CO, High 
Fixation Ability 

e Analysis and Evaluation on the System of Large Scale 
Wind Turbine 

R&D on Energy Conservation Technology (The Meon- 

light Project) 

Fuel Cell Power Generation Technology 


e Heat Recovery System for Solid Oxide Fuel Cell 
e Broad Area Energy Utilization Network System Tech- 


. ee ee aay ae See 

e Broad Area Energy Utilization Network System Tech- 

De-NO, Catalysts for Exhaust Gases of Low Fuel Con- 

sumption Engines 

e Catalytic Properties and Reaction Mechanisms 

Development of Global Enviroament Technology 

e Reduction of Carbon Dioxide 

e Recycling Technology of Carbon Dioxide by Cata- 

e Chemical Conversion/Decomposition of Methane by 
Catalysis 

e Remote Sensing Techniques for the Measurements of 
Greenhouse Gases 


¢ Carbon Cycle in the Ocean and Atmosphere Interface 
¢ Turbulent Multiphase Flow of Sea Water and CO, in 


Deep Ocean Sequestering 
Accelerated Basic Research 


¢ Polysilane Complexes as Conversion Device of Solar 
Energy 


e Research Program on Changes of Tropical Forests 
and Their Influences (Carbon Dioxide Balances of the 


Tropical Forests) 


¢ Production of Absorbents from Carbon Fiber 

¢ Kinetics of Nitrogen Oxides in Gas Phase Reactions 

e Thermal Radiation from High Temperature Flame 

¢ Heat Transfer and Chemical Reactions in Pressurized 

e Combustion of Biomass Waste 

e Solid Oxide Fuel Cell for Controlling Environment 
Pollutants 

e Precise Combustion Calorimetry and Electrical Cali- 
bration for Bomb Calorimeter 


'e Transport Properties near Critical Region 


Atmospheric Environment Protection Dept. 
* Photochemical Study on Reaction Intermediates of 


i 7 
H 


Ezumation fr Almospere Elects of Onanic So 
. Microanalysis of the IIIb Metal Groups by SIMS 
Hydrospheric Environment Protection Dept. 
* Microbial Ecology Related to Carbon Cycle in 


Accumulating Sugar 

e Water Gases Recovery from Organic Wastes 

e Effect of Preozonation on Granular A-tivated Carbon 
Absorption 

¢ Removal of Hazardous Organic Chemicals by 

e Selective Absorption of Nitric Acid 

e Advanced Separation Method for Analysis of Haz- 
ardous Substances in Water 
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Environmental Assessments Dept. 


e In-cloud Scavaging Process of Air Pollutants 

¢ Numerical Modeling for Nutrient Cycles of Northern 
Pacific 

e Application of Alpha Liquid Scintillation Method to 
Samples from Marine Environment 

e Measurement of Micro-environment at Sediment 
Surface 

e Determination of 2CO, in a Bay by Means of Elec- 


Preliminary Studies on IMG/ADEOS Data Analysis 
Meteorological Condition on the Arid Area 

Heat Balance Study in a Water-land Boundary 
Biodegradation Mechanisms of Organic Carbon in 
Tidal Flat 


Energy Resource Dept. 


e Accumulation of Fundamental Properties of Coal and 
Coal Database 

e Pretreatment Effect on Reactivity of Coal 

e Chemical Structure of Coals and Hydrogasification 
Properties 

e Liquid-phase Cracking of Hydrocarbon Polymers 

e Chemical Reaction of Organic Mixture under Ultra- 
sonic Radiation 

e Intermolecular Hydrogen-transfer Reactions 

¢ Photochemical Transformation of Hydroxylamines 

e Synthesis of New Carbon Materials by Thermal 
Plasma 

e Preparation of Porous Carbon Materials from Coals 
and Low Grade Heavy Oil 

e Synthesis and Carbonization of New Carbon Precur- 
sors 


Materials Processing Dept. 


e Micro-manipulation of Fine Particulate Materials 
Processing 

e Control Technique for Densely Loaded Fine Particle 
Slurry 

e Supercritical Fluid Processing for Powdered Mate- 
rials 


e Separation of Fine Particles 

e Separation of Urban Solid Waste by Dry Process 

e Dissolution and Deposition Mechanisms of Metal 
Compounds 

e Preparation of Fine Metal Powders Using Orgnome- 
tallic Compounds 

e Highly Controlled Preparation of the Fine Rare Earth 
Compound Particles Using Solution Techniques 

e Synthesis and Properties of Layered Polysilicates 

e Preparation and Properties of Intercalated Hydrotal- 
cite-like Compounds 

e Plasma Synthesis of Fine Particles and Thin Films 


Mining and Geotechnology Dept. 


e Fatigue Properties of Rock 

e Fluid Properties of Carbon Dioxide in Rock Mass 

e Water Jet Technology Using Nonlinear Pressure 
Wave 
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e Interaction of Coherent Wave and Turbulent Struc- 


ture 

Fundamental Studies on Sea Floor Sensing 

Measurement of Fractures Using Elastic Waves 

Advanced In-situ Stress Measurement 

Fundamental Studies on Oriented Coring 

Automation of Excavation System 

Safety Engineering Dept. 

¢ Controlling System of Precise Firing for Explosives 

e Fracture Process of Underground Structure Due to 
Change of Underground Environment 

e Effects of Various Factors in Propagation Path on 
Ground Vibration 

e Human Factors during Emergency Evacuation 

e Fundamental Study on Opto-chemical Gas Sensor 
Using Thin Metal Oxide Film 

¢ Physiological Evaluation and Inhalation Cooling 
Methods for Breathing Apparatuses 

e Control of Electrochemical Reactions on Metal Sur- 
faces Applying Magnetic Fields 

¢ Fundamental Studies on Fire and Flammability Prop- 

<— Fi. Halogen-free Flame-retardant Polymeric 

aterials 


Coal Mine Safety Research Center, Hokkaido 


e Energy Utilization of Abandoned Methane-rich Air 
e Infrasonics Measurement 


Coal Mine Safety Research Center, Kyushu 


e Ignition Limits of Athylene-air Mixture by Electric 
Sparks 

e Utilization of Electromagnetic Wave in the Cavern 

e Evaluation of Acoustical and Infrasound Energy 
During an Initiation of Explosive 


Global Warming Control Department 


The expansion and development of human activities has 
been accompanied by a tremendous consumption of 
fossil fuels, resulting in global environmental changes. 
Global warming, caused mainly by carbon dioxide from 
the combustion, is perhaps the most serious problem 
mankind faces today. Research and development of 
solutions to the global warming problem include projects 
on artificial photosynthesis, the chemical fixation of 
CO,, and biochemical and thermochemical conversion 
of biomass. Several research projects, aimed at solving 
— environmental problems, are also being con- 
ucted. 


Photo Energy Application Division 


In this division, technologies are being developed for the 
chemical conversion of solar energy. One of these tech- 
nologies is artificial photosynthesis, by which carbon 
dioxide and water react to produce methane and other 
organics. The reaction occurs on a photocatalytic surface 
of solid semiconductors and metal complexes. The 
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removal of atmospheric pollutants, such as nitrogen 
oxides, is also being studied. 


An understanding of the global circulation of atmo- 
spheric pollutants is essential in the design of suitable 
countermeasures. This division is therefore making mea- 
surements of atmospheric pollutant concentrations, and 
is investigating the processes by which atmospheric 
pollutants are transformed. Current projects include: 


¢ Photoreduction of carbon dioxide with water (artifi- 
cial photosynthesis). 

¢ Removal of atmospheric pollutants by photocatalysis. 

. anes transformation processes of atmospheric 
pollutants. - 


Chemical Process Division 


This division studies chemical reactions of greenhouse 
gases such as carbon dioxide and methane. Current 
studies include: 


¢ Fixation and utilization of CO, by catalytic hydroge- 
nation. 

¢ Development of new reactions involving CO). 

¢ Decomposition of CO,. 


Biomass Division 


This division investigates possible applications of bio- 
mass and organic wastes as sources of energy. For 
example, it is possible to convert sewage sludge into a 
liquid fuel by means of thermochemical liquefaction 
processes at a lower cost than conventional sludge dis- 
posal methods. 


Research is also being carried out on a large-scale culti- 
vation of oil-rich green algae. Current projects include: 


¢ Liquid fuel production from woody biomass. 
e Thermochemical treatment of organic wastes. 
¢ Cultivation of oil-rich green algae. 


Thermal Energy and Combustion Engineering 
Department 


Eighty-five percent of Japan’s energy is supplied by the 
combustion of fossil fuels such as petroleum, coal, and 
natural gas. Highly efficient combustion of such fuels 
and the minimization of pollutants caused by combus- 
tion are very important research areas. 


Continued expansion of coal utilization is expected as 
the nation pursues a more stable fuel supply. As a result, 
research is needed in the areas of high efficiency coal 
combustion and prevention of air pollution caused by 
coal combustion. 


This department has a broad academic perspective in the 
pursuit of its research on fossil fuels energy utilization 
and combustion. Expertise is distributed among three 
divisions, and includes the academic disciplines of com- 
bustion engineering, chemical engineering, measuring 


technology, and gas analysis. A summary of the work of 
each of the three divisions is outlined below. 


Combustion Engineering Division 


Combustion phenomena signifies the flow of gases and 
particles at high temperature, and the chemical reactions 
that occur in the high temperature environment. Several 
analytical methods are employed in this research. For 
example, computer simulation, shock tube experiments, 
and laser techniques for determining gas velocity, con- 
centration, and temperature are used in investigating 
combustion phenomena and in the study of gas phase 
catalytic reactions for pollution abatement. Current 
projects include: 


e Shock tube studies of pollutant formation and decom- 
position. 

Radiation from high temperature flames. 

Removal of NO, from combustion gases. 

Catalytic combustion and NO, control techniques. 
Laser chemistry. 


Advanced Combustion Systems Division 


In this division, chemical and mechanical engineering 
principles are applied to the research and development 
of combustion systems. The division is conducting the 
following research: 


e Atmospheric and pressurized fluidized bed combus- 
tion of coal. 

e Behavior of particles in the fluidized bed. 

e Control of SO, and NO, emission in pulverized coal 

combustion. 

Control techniques of acid rain 

Catalytic combustion. 

Solid oxide fuel cells. 

Thermal destruction of toxic organic materials. 

Utilization of combustible waste. 


Thermal Energy Application Division 


In this division, thermodynamic principles and heat 
transfer principles are employed in studying the efficient 
use of thermal energy. Current projects include: 


¢ Application of high temperature heat pipes. 

¢ Compact heat exchanger design. 

e Precision calorimetry for the determination of heat of 
combustion of hydrocarbon fuels. 

e Thermodynamic properties of materials near the crit- 
ical point. 


Atmospheric Environmental Protection Department 


Air quality must still be improved in major urban areas 
where population and industry are concentrated. The 
quality of the atmospheric environment is also deterio- 
rating on a global scale. This department is developing 
systems for the assessment and control of air pollution 
hazards. Research is conducted in the department’s three 
divisions. 
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Excited State Chemistry Division 

This division studies reaction mechanisms and newly 
developed physical and chemical methods for utilizing 
excited-state compounds in the global environment. 
Current research includes: 


¢ Production of carbon clusters and investigation of the 
reactivity of such clusters. 

¢ Photochemical excitation processes of intermediate 
complexes of halogen containing compounds. 

¢ Photolysis by ultraviolet light of carbon dioxide, 
water, and organic compounds. 

e Mechanisms of exciplex formation, and characteriza- 
tion and applications of exciplexes. 

e Chlorine molecule production on the surface of 
stratospheric aerosols. 


Environmental Technology Division 


The goals of this department are aimed at reducing local 
and global environmental problems in the atmosphere. 
In pursuit of these goals, the Environmental Technology 
Division conducts research on emissions reduction tech- 
nologies for substances that affect the atmosphere. 


Such research includes: 


e Catalysis for reduction of NO, emissions from auto- 
mobiles. 

e Cyclodextrin process for capturing halogenated 
hydrocarbons. 

e Materials and processes for chlorofluorocarbon 
adsorption. 

e Catalytic decomposition of chlorofluorocarbons. 

e Catalytic decomposition and utilization of methane. 


Air Quality Measurement Division 


As regulations governing the level of pollution in the 
atmosphere become more strict, the need for increas- 
ingly accurate measuring instruments becomes apparent. 
This division’s studies include: 


e Estimation and measurement of anthropogenic 
source dust in suspended particulate matter in the 
atmosphere. 

e Identification of emission sources and measurement 
of volatile organic compounds and particulate matter. 

e Development of analytical methods for measuring 
concentrations of new pollutants. 

e Estimation and measurement of automobile emission 
pollutants. 


Hydrospheric Environmental Protection Department 


Worldwide water pollution by hazardous industrial 
chemicals has become a major concern. Members of this 
department are developing highly sensitive water anal- 
ysis methods, and biological and physical-chemical sys- 
tems for wastewater treatment at the source. They are 
also studying the behavior of pollutants in the hydro- 
sphere. 
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Ecological Chemistry and Microbiology Division 


Research is being conducted on a microbiological 
approach to prevent water pollution by harmful chemi- 
cals. Identification of chemical-degrading microorgan- 
isms, knowledge of degradation mechanisms, and micro- 
biology in bioreactor and aquatic environment are 
essential for the effective development of prevention 
measures. The division is currently conducting research 
on the following subjects: 


¢ Transformation of chlorophenols and other chemicals 
in aquatic sediments, and the role of nitrate-reducing, 
sulfate-reducing and methane-producing bacteria. 

¢ Isolation of dominant chemical-degrading microor- 
ganisms and the study of the physiological character- 
istics of such microorganisms in aerobic and anaer- 
obic bioreactors. 

¢ Application of molecular biological analytical 
methods, such as the DNA probe, to environmental 
microbiology. 


Advanced Water Treatment Division 


This division seeks to improve existing physical and 
chemical water treatment systems and to develop new 
water treatment technologies. 


Technologies under investigation include particulate coag- 
ulation, activated carbon adsorption, electrodialysis, 
reverse osmosis, ultrafiltration, foam separation, biomi- 
metic catalysts, UV method, phosphorus removal, denitri- 
fication, ionic flotation agents, oxidation, and ozone 
enhanced oxidation. These oxidation processes are of 
particular interest, as the treatment generates no sludge. 


Various studies are dedicated to reducing the load on the 
environment of chemicals which must be broken down. 
Many of these chemicals are biohazardous organic com- 
pounds, such as chloro-organic detergents from modern 
industries, agricultural chemicals, etc. Current research 
on the reduction of such chemicals includes: 


e Decomposition of hazardous organic substances by a 
combination of chemical and biological oxidation 


processes. 

e Supercritical fluid treatment of toxic chemicals in 
wastewater. 

¢ Removal of phosphorus and nitrogen nutrient salts 
from wastewater. 

e Treatment and reutilization of wastewater. 


Water Analysis Division 


This division develops analytical methods for measuring 
trace amounts of toxic elements and hazardous com- 
pounds in water. The division also applies such analyt- 
ical methods to global environmental research. The 
activities of this division include: 


e Development of sophisticated analytical methods for 
quantitative determination of trace elements, such as 
metalloids and heavy metals, in the hydrosphere. 





| This report may contain copyrighted material. Copying and dissemination 
' jis prohibited without permission of the copyright owners. 














JPRS-JST-95-019 
28 March 1995 


e Development of analytical methods for measuring 


trace concentrations of dibenzo-p-dioxines and 


related compounds. 

* Development of sophisticated sensors for monitoring 
pollutants in water. 

° Applications of analytical methods to marine pollu- 
tion research, industrial wastewater treatment 


research, etc. 


Environmental Assessment Department 


This department conducts research on technologies for 
regional and global environmental assessment. Such 
research includes the study of air and water pollution 
transport mechanisms, global circulation of greenhouse 
gases, the relation between biological systems of the 
ocean and global warming, acid precipitation, desertifi- 
cation, and the shoreline ecosystem. A significant 
research effort is dedicated to the development of 
numerical and physical models for realistic simulation of 
the above-mentioned phenomena. Work is also 
underway on the development of remote sensing tech- 
nology and data analysis systems for environmental 
applications. The amount of such global environmental 
research is increasing in order to keep pace with the 
requirements of government and industry. 


Atmospheric Environment Division 


In this division, numerical analysis, field studies, and 
wind tunnel studies are used to investigate the chemical 
mechanisms and to simulate transport of air pollutants 
of regional importance, such as SO,, NO,, SPM, chem- 
icals, etc. Thus, regional environmental issues are the 
main focus of the division: 


e Evaluation of CO, flux over the forest canopy. 

¢ In-cloud scavenging of air pollutants. 

e Numerical simulations of winds over local topog- 
raphy. 


Marine Environment Division 


This division has developed a model for the prediction 
of the bulk indices of pollution (Chemical Oxygen 
Demand, Suspended Solids) in the ocean. It has been 
understood only recently that the flux of carbon between 
the ocean and the atmosphere is related to global 
warming. An observational study of carbon flux at the 
marine surface is underway in the Pacific, using the 
Hakurei Maru research ship. Physical and ecological 
studies of the ocean and coastal regions are the main 
emphasis of the division’s research: 


e Nitrogen exchange at the sediment-water interface in 
coastal ecosystems. 

e Carbon exchange between atmosphere and ocean at 
the marine surface. 

e Assessment model for water pollution in coastal 


Inter-Spheric Environment Division 


This division's studies are related to global environment, 
and the coastal ecosystem issues. The main research 
objectives are: 


° Global circulation and remote sensing of trace gases. 

¢ Long-range transportation of airborne 

e Chemical and physical processes at the shoreline 
ecosystem 


Energy Resources Department 
About 90 percent of the world’s primary energy is 


provided by hydrocarbon fuels such as coal, petroleum, 
and natural gas. These resources are limited, and it is 


Fundamental research on the chemical and physical 
properties and reactivity of energy resources is carried 
out to make the best use of characteristics of these 
resources, and to develop new advanced utilization 
technologies. Current research projects include: 

e Pretreatment effects on the reactivity of coal. 

¢ Mineral matter in coal. 

¢ Database of the fundamental properties of coal. 

¢ Comprehensive studies of energy utilization systems. 
Gasification Division 

This division carries out fundamental research relating 
to the high-efficiency conversion of coal into a gaseous 
product. One of the objectives of this work is to predict, 
via theoretical and experimental approaches, the 


optimum conditions for high-temperature coal gasifica- 
tion. Current research includes: 


¢ In-situ desulfurization in the gasifier. 

e Reaction mechanism of coal pyrolysis and gasifica- 
tion. 

¢ Hydrogasification of coal. 

e Database for the coal gasification process. 

Hydrocarbon Research Division 

Coal liquefaction and coal liquid reforming are impor- 

tant subjects that are presently attracting much atten- 

tion. Tr‘s division’s research includes basic studies 

designea .v clarify understanding of the mechanism of 

coal dissolution. The division is also developing new 

coal liquefaction methods and 


optimum 
conditions for coal liquid upgrading. Areas of research 
focus include: 


¢ The effect of dispersed iron catalyst on coal liquefac- 


tion. 
e Reaction behavior of finely pulverized coal. 
e Upgrading and utilization of heavy oils. 
¢ Biomimetic conversion of hydrocarbons. 
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Heteroatoms Division 


Low quality oils such as petroleum residue, shale oil, oil 
sand bitumen, and coal liquids cannot be used as fuel in 
their natural state. This division is developing methods 
for improved upgrading and utilization of low quality 
oils. Current projects include: 

e Auto-oxidation of phospholipids. 

¢ Separation of high-value chemicals from energy 


resource ma 
¢ Coprocessing of coal and oil. 
e Organic synthesis using ultrasonic energy and light 
irradiation. 
Carbon Material Division 


Research is currently being conducted on the prepara- 
tion of general purpose carbon materials from carbon- 
aceous substances derived from coal and low grade 
heavy oils. The division also emphasizes basic studies of 
advanced carbon materials, such as a new type of dia- 
mond and high performance carbon films. Present 
projects include the study of: 


e Preparation of porous carbon materials from coal and 
low grade heavy oils. 
e Synthesis of novel carbon materials in a thermal 


plasma. 

e Preparation of high performance carbon materials 
from aromatic compounds and characterization of 
such materials. 


Materials Processing Department 


It should be recognized that natural resources and energy 
are essential for all industrial activity and that an 
increasingly affluent lifestyle depends on a sufficient 
supply of these resources. However, it has also been 
recognized that natural resources are not infinite, and 
that the environment can be destroyed, even on a global 
scale, by industrial pollution. Research must therefore be 
conducted which attempts to harmonize human activi- 
ties with the need to preserve the environment. 


This department is responsible for the development of 
technology by which natural resources may be secured 
and utilized, while protecting the environment of our 
beautiful planet, the earth. 


Materials Handling and Characterization Division 


This division is characterizing various particulate mate- 
rials with respect to method of creation and possible 
utilization. It is also investigating methods for 
improving bulk solid and slurry handling characteristics. 
The division’s main areas of research are: 


e Properties measurement and evaluation of particulate 
materials. 

e Improvement of particulate materials handling char- 
acteristics. 
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e Development of technology for particle shape design. 
e Creation and assessment of highly functional partic- 
ulate materials. 


Mineral Processing Division 


Research in the Mineral Processing Division is focused 
on developing improved technologies for the processing 
of low-grade, complex ores, and for waste material 


recycling. Studies on fine particle processing and coarse 
solid separation are therefore conducted in this division. 


Current main research topics are: 


e Effect of minor components in AO,-type oxides on 
separation properties. 

e Dry separation of large fragment waste materials. 

e Physical chemistry of fine particle systems and equip- 
ment development for fine particle processing. 


Rare Metals Division 


Rare metals are valuable, and are indispensable in the 
development and manufacture of advanced materials. 
This division performs research related to the extraction, 
purification, synthesis, and utilization of rare metal 
compounds. Topics of research include: 


e Extraction of rare metals from undeveloped 
resources, such as deep sea mineral deposits. 

e Refining and purification of rare metals 

e Preparation of fine powders containing rare earth 
elements, and synthesis of functional materials using 
new wet processes. 

¢ Recovery of rare metals from advanced materials 
processes waste. 


Siliceous Material’s Division 


The Siliceous Materials Division conducts research on 
the purification and utilization of minerals containing 
mainly silica and alumina. 


Specific research projects are: 


¢ Preparation and utilization of amorphous silica. 

e Synthesis and intercalation processes of inorganic 
layered compounds. 

e Preparation of ultrafine powders and thin films in a 
radio frequency generated plasma. 


Mining and Geotechnology Department 


This department carries out fundamental research 
relating to the following fields of interest: development 
of mineral resources in the continental and oceanic crust, 
development of geothermal energy resources, utilization 
of underground space, and sequestering CO, on the deep 
seabed or deep underground. Mineral, energy, and space 
resources often occur in severe environments, and the 
utilization of these resources hinges upon the develop- 
ment of new technologies. For example, in the earth’s 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 











JPRS-JST-95-019 
28 March 1995 


crust there exist resources of heat and pressure. Devel- 

opment of technologies to make use of these resources, in 

= environmentally responsible way, is important for the 
uture. 


Geomechanics Division 

This division investigates technology associated with 

underground mining and utilization of deep under- 

ground space. The research is focused on developing a 

better understanding of rock mechanics. Research activ- 

ities of this division include: 

e Evaluation of rock, rock mass, and soil properties. 

e Precise measurement, analysis and evaluation of frac- 
tured and in-situ rock mass. 

¢ Roof support and control technology for underground 
spaces. 


Ocean Mechanics Division 


The Ocean Mechanics Division carries out research 
related to the environmentally responsible exploitation 
of mineral resources in the marine environment. Basic 
research is also conducted on sequestering CO, on the 
deep seabed. Current research includes: 


e Investigation of characteristics of engineering impor- 
tance of marine mineral deposits. 

¢ Technology related to excavation and hydraulic 
lifting of marine mineral ores. 

e Properties of multi-phase fluid flow. 

¢ Deep Ocean Sequestering of CO,,. 


Geo-Energy Division 


This division conducts research and development 
related to the development of geothermal energy, espe- 
cially energy derived from hot dry rock. The Geo-Energy 
Division also carries out fundamental research on 
methods of heat extraction from magma or super high 
temperature rock mass. Current research projects 
include: 


e Measurement of in-situ stress in deep rock mass. 

e Hydraulic fracturing and heat extraction technology 
for hot dry rock. 

¢ Development of a downhole coaxial heat exchanger. 


Mining Systems Engineering Division 


This division conducts research and development 
related to machinery and mining systems that may be 
utilized in mining and other geotechnology industries. 
Current research activities include: 


e Geothermal well drilling technology. 

¢ Development of MWD (Measurement While 
Drilling) techniques for evaluation of downhole con- 
ditions. 

e Autonomous excavation system. 


Safety Engineering Department 


This department studies accident prevention and 
improvement of safe working conditions in industries 


57 


concerned with development, utilization, and storage of 
natural energy resources. Safety engineering is critical, 
not only for industrial progress, but also for lifestyle 
improvements in a nation which imports huge quantities 
of natural and cnergy resources. Research in the Safety 
Engineering Department is motivated by the needs of the 
highly advanced, automated, and diversified modern 
industrial world. 

Fracture Mechanics and Explosives Division 


Research is conducted on the development of a non- 
destructive acoustic emission (AE) system, and elastic 
wave and electric resistivity tomographies for evaluating 
underground structures. Measurements are made of geo- 
stress and dynamic rock mechanics properties. 


The research of the division focuses on: 


Safety assessment of energy storage in deep rock. 
Simulation of plate tectonics. 

Blasting demolition of buildings. 

Explosives safety assessment. 


Systems Safety Division 


This division carries out fundamental research on the 
causes of safety systems breakdown. For example, 
studies are conducted on human factors and mecha- 
nisms of human error, as well as the analysis of air flow 
and sound propagation in confined spaces. The divi- 
sion’s main research subjects are: 


e Human factors in an emergency evacuation. 

e Underground space safety systems. 

¢ Effects of propagation path on sound and vibration. 
¢ Ultra-long distance propagation of infra-sound. 


Safety Instrumentation and Control Division 


This division develops improved instrumentation for 
sensing, evaluating, and controlling dangerous working 
conditions. For example, members of the division are 
conducting research related to gas detection, safety pro- 
tective devices, safety equipment deterioration, and 
safety diagnoses. Current research focuses on: 


¢ Inflammable and toxic gas detection. 

¢ Physiological evaluation of respiratory devices. 

. — of electrochemical reactions on metal sur- 
aces. 

¢ Electromagnetic wave tomography. 


Fire and Explosion Division 


The division studies techniques for the prevention of gas 
and dust explosions, and suppressive measures for 
underground open fires. Special emphasis is placed on 
the subjects of: 


¢ Static electricity due to various dusts. 
¢ Flammable properties of industrial materials. 
e Flame spread on combustible materials in a confin 


space. 
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. Reduction of hazardous chemicals in electrostatic 
precipitators. 
Coal Mine Safety Research Center, Hokkaido 


The center was established as the Sapporo Experimental 
Station for Colliery Explosion Prevention by the Japa- 
nese Government in October 1938. Its original purpose 
was the prevention of coal mine disasters. The center is 
located in Hokkaido where most of Japan's coal is 
produced, and works in close association with the 
mining industry. 

The main function of the center is to develop technology 
to improve mine safety, prediction and prevention of 
disasters in mines. More specifically, the center works on 
the prevention of gas and coal dust explosion and the 
design of safety instruments including explosion-proof 
equipments. 


Coal Mine Safety Research Center, Kyushu 


The center was established jointly by the Japanese Gov- 
ernment and local mining associations in May 1915. In 
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more than 70 years since its establishment the center has 
been mainly concerned with mine safety, and the results 
of its work have contributed not only to the coal industry 
but also to other industrial fields. 


An experimental coal mine, the only one in Japan, was 
developed in 1953. The mine is used to test laboratory 
data in a simulated full-scale environment. Many of the 
results of these tests have subsequently been incorpo- 
rated into official regulations, such as safety regulations 
for explosives and blasting, the use as standard equip- 
ment of hanging water barrier for the prevention of 
coal-dust explosion propagation, and the water spray 
zone to inhibit the spread of mine fires. 


The center plans to develop new systems for the extin- 
guishing of mine fires in the early stage. Underground 
communication systems have also been developed. 


Work on the prevention of coal-dust explosions and 
mine fires is being done in cooperation with the People’s 
Republic of China. 
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